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1.  The  technical  report  transmitted  herewith  represents  the  results  of 
one  of  the  research  efforts  (work  units)  initiated  to  date  as  part  of 
Task  2C  (Containment  Area  Operations)  of  the  Corps  of  Engineers  Dredged 
Material  Research  Program  (DMRP).  Task  2C  is  included  as  part  of  the 
Disposal  Operations  Project  (DOP)  of  the  DMRP,  which  among  other  con- 
siderations includes  research  into  various  ways  of  improving  the  ef- 
ficiency and  acceptability  of  facilities  for  confining  dredged  material 
on  land. 


2.  Confining  dredged  material  on  land  is  a relatively  recent  disposal 
alternative  to  which  practically  no  specific  design  or  construction 
improvement  investigations,  much  less  applied  research,  have  been 
addressed.  Being  a form  of  waste  product  disposal,  dredged  material 
placement  on  land  has  seldom  been  evaluated  on  other  than  purely  eco- 
nomic grounds  with  an  emphasis  nearly  always  on  lowest  possible  cost. 

There  has  been  a dramatic  increase  in  the  last  several  years  in  the 
amount  of  land  disposal  necessitated  by  confining  dredged  material; 
hence  increased  attention  is  being  directed  toward  improving  the  design, 
construction,  and  management  of  these  containment  areas. 

3.  DMRP  work  units  have  investigated  improved  facility  design,  construc- 
tion, and  management  for  increasing  storage  capacities  with  both  economic 
and  environmental  protection  benefits.  Work  in  and  around  containment 
areas  often  requires  special  equipment  because  of  the  soft  dredged  material 
and  foundation  conditions  usually  associated  with  such  areas.  Consequently 
the  total  picture  would  be  incomplete  without  an  assessment  of  vehicles  or 
equipment  that  can  perform  productive  work  in  containment  areas.  To  this 
end,  the  investigation  reported  herein  was  accomplished  by  the  U.  S.  Army 
Engineer  Waterways  Experiment  Station's  Mobility  and  Environmental  Systems 
Laboratory.  This  is  the  second  of  three  studies  that  will  provide  guidance 
for  the  selection  of  equipment  for  use  in  and  around  containment  areas. 
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4.  The  operational  environments  at  45  sites  in  nine  Corps  of  Engineers 
Districts  throughout  the  United  States  were  characterized  based  on  soils 
data.  Performance  predictions  were  made  for  various  low-ground-pressure 
vehicles  based  on  generalized  soil-vehicle  relations  developed  at  WES 
through  many  years  of  research  in  soil-vehicle  interactions.  Data  col- 
lected indicated  that  soft  soils  are  much  more  prevalent  than  firm  soils, 
with  most  sites  exhibiting  soil  strengths  requiring  vehicles  with  rela- 
tively low  ground  pressures  for  extended  operations. 

5.  Three  basic  work  functions  were  identified  as  necessary  to  adequately 

operate  and  maintain  a confined  disposal  area:  survey  and  reconnaissance, 

trenching,  and  earthmoving.  Survey  and  reconnaissance  vehicles  are  pres- 
ently available  only  to  a limited  extent.  Many  smaller  lightweight 
vehicles  are  capable  of  making  single  passes  in  an  area  but  are  unable  to 
perform  work  requiring  multiple  passes.  Conventional  trenching  machines 
and  earthmoving  equipment  require  firm  soils  on  which  to  operate  and 
consequently  were  predicted  to  negotiate  only  about  50  percent  of  the 
areas  sampled.  Unique  or  specialized  types  of  equipment  designed  specif- 
ically for  soft-soil  operations  were  predicted  to  negotiate  more  than 

95  percent  of  the  areas  sampled  and  could  perform  functions  other  than 
survey  and  reconnaissance. 

6.  Initial  tests  with  the  Riverine  Utility  Craft  (RUC)  in  Mobile,  Alabama 
indicate  that  this  vehicle  bridges  the  transitional  zone  between  the  fluid 
and  semisolid  states.  The  RUC  was  found  to  be  capable  of  performing  many 
useful  functions  relative  to  dewatering  and  consolidating  dredged  material 
Two  towed  ditching  and  trenching  implements  fabricated  for  use  with  the 
RUC  in  soft-soil  operations  were  also  evaluated. 

7.  The  third  phase  of  the  vehicle  performance  study  (now  complete),  which 
synthesized  performance  information  on  various  pieces  of  field-tested 
equipment,  provides  detailed  guidance  for  the  selection  of  equipment  to 

be  used  in  and  around  confined  dredged  material  disposal  areas.  The  syn- 
thesis report,  "Assessment  of  Low-Ground-Pressure  Equipment  Containment 
Operation  and  Maintenance,"  is  being  published  both  as  Technical  Report 
D-77-8  and  an  Engineer  Manual. 


JOHN  L.  CANNON 

Colonel,  Corps  of  Engineers 

Commander  and  Director 
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^Utility  Craft  (RUC)  are  appraised  as  an  indication  of  the  direction  future 
efforts  should  follow  in  dewatering  and  consolidating  dredged  material  contain- 
ment fac i 1 i t i es  . 

Data  collect\.l  at  15  sites  indicate  that  soft  soils  are  much  more  prevalent 
than  firm  soils,  with  nearly  SO  percent  of  the  sites  exhibiting  critical  layer 
soil  strengths  less  than  50  RCI,  criteria  which  require  vehicles  with  relatively 
low  ground  pressures  for  extended  operations.  Three  basic  work  functions  appear 
necessary  in  dredged  material  containment  area  operations:  survey  and  recon- 

naissance, trenching,  and  earthmoving.  At  present,  only  survey  and  reconnais- 
sance vehicles  are  commercially  available  to  any  limited  extent.  Based  on  the 
vehicle  analysis  in  this  study,  only  unique  or  specialized  equipment,  specifi- 
cally designed  for  soft-soil  operations  are  predicteu  to  negotiate  more  than 
95  percent  of  the  areas  sampled  and  perform  functions  other  than  survey  and 
reconnaissance.  Many  of  the  smaller  lightweight  vehicles  are  capable  of  making 
single  passes  over  these  areas,  but  would  not  be  able  to  perforin  any  work- 
related  functions  requiring  multiple  passes  of  the  vehicle  in  the  same  path. 
Conventional  trenching  and  earthmoving  equipment  capable  of  moving  material  in 
the  sampled  areas  to  create  ditches,  move  dredged  material,  or  build  cross-dikes 
require  firm  soil  on  which  to  perform  such  activities,  and  consequently  are 
predicteu  to  negotiate  only  about  50  percent  of  the  areas  sampled. 

Although  not  tested  in  a field  environment,  two  towed  ditching  and  trench- 
ing implements  fabricated  for  soft-soil  operations  should  assist  vehicles  with- 
out on-board  trenching  equipment  in  dewatering  selected  dredged  material  con- 
tainment areas  on  a limited  basis. 

Tests  with  tie  Riverine  Utility  Craft  (RUC)  in  Mobile  indicate  that  the 
vehicle  bridges  the  transitional  zone  in  dredged  material  containment  area 
development  from  the  fluid  state  following  disposal  to  the  semi-solid  state 
after  desiccation  and  consolidation.  During  this  development  process  the  RUC 
is  capable  of  performing  many  useful  functions  relative  to  dewatering  and  con- 
solidation. Also  RUC  operations  appear  to  be  the  initial  phase  in  anv  progres- 
sive dewatering  program  in  which  the  growth  of  surface  crust  is  required  for 
future  activities  in  the  dredged  material  containment  facility. 
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PREFACE 


The  study  reported  herein  was  conducted  from  May  1975  to  May  1976 
by  personnel  of  the  Mobility  Systems  Division  (MSD) , Mobility  and 
Environmental  Systems  Laboratory  (MESL) , U.  S.  Army  Engineer  Waterways 
Experiment  Station  (WES),  for  the  Dredged  Material  Research  Program 
(DMRP) , Environmental  Effects  Laboratory  (EEL),  WES,  under  DMRP  Work 
Unit  2C09B,  "Development  of  Concepts  Using  Low-Ground-Pressure  Construc- 
tion Equipment  for  Containment  Area  Operation  and  Maintenance  (Develop- 
ment of  Field  Evaluation  Investigations)."  An  earlier  report  presented 
an  equipment  inventory. 

The  study  was  conducted  under  the  general  supervision  of 
Messrs.  W.  G.  Shockley,  Chief,  MESL,  A.  A.  Rula,  Chief,  MSD,  and  E.  S. 
Rush,  Chief,  Mobility  Investigations  Branch  (MIB).  The  study  was  under 
the  direct  supervision  of  Messrs.  N.  C.  Baker,  Task  Manager,  Task  2C, 
and  C.  C.  Calhoun,  Disposal  Operations  Project  Manager,  EEL,  and  the 
general  supervision  of  Dr.  John  Harrison,  Chief,  EEL.  Messrs.  S.  M. 
Hodge  and  C.  R.  May,  MIB,  directed  the  field  data  collection.  Mr.  W.  E. 
Willoughby,  MIB,  directed  the  data  analysis  and  wrote  the  report. 

Acknowledgment  is  made  for  the  assistance  of  numerous  Corps  of 
Engineers  personnel  at  the  District  offices  visited  in  this  study.  WES 
personnel  were  well  received  at  each  location,  provided  adequate  maps 
and  drawings  relative  to  the  representative  areas  selected  for  the 
visit,  and  in  most  cases  guided  to  each  area  and  explained  details  of 
disposal  operations  for  the  area.  This  detailed  information  allowed 
full  use  of  the  time  allotted  for  data  collection  within  each  District, 
and  the  contribution  of  these  personnel  to  the  success  of  this  study  is 
acknowledged . 

COL  G.  H.  Hilt,  CE,  and  COL  J.  L.  Cannon,  CE,  were  Directors  at 
WES  during  the  conduct  of  this  study  and  preparation  of  this  report. 

Mr.  F.  R.  Brown  was  Technical  Director. 
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CONVERSION  FACTORS,  METRIC  (SI)  TO  U . S.  CUSTOMARY  AND 
U.  S.  CUSTOMARY  TO  METRIC  (SI)  UNITS  OF  MEASUREMENT 


Units  of  measurement  used  in  this  report  can  be  converted  as 
fol lows : 

Mu  1 1 i p 1 v by To  Obtain 

Metric  (SI)  to  U.  S.  Customary 

millimetres  0.03937007  inches 

metres  3.280839  feet 

l).  S.  Customary  to  Metric  (SI) 


inches 

25.4 

mill imetres 

feet 

0.3048 

met  res 

miles  (U.  S.  statute) 

1 .009344 

ki lometres 

square  inches 

045 . 10 

square  millimetres 

acres 

4040 . 850 

square  metres 

cubic  yards 

0.7645549 

cubic  metres 

acre-feet 

1233.482 

cubic  metres 

pounds  (mass)  per  cubic 
foot 

16.01846 

kilograms  per  cubic  metre 

pounds  (torce) 

4.448222 

newtons 

kips 

4448.222 

newtons 

pounds  (force)  per  square 
inch 

6.894757 

ki lopascals 

miles  (U . S.  statute) 
per  hour 

1 . 609344 

kilometres  per  hour 

horsepower 

745.6999 

watts 

horsepower  per  ton 

83.82 

watts  per  kilonewton 

degrees  (angular) 

0.01745329 

rad i ans 
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LOW  - GROUND -PRlrSSURli  CONSTRUCTION  FQU  I l’MF.NT  l-OK  USL  IN  DRFPGLP 
MATFRIAL  CONTA1 NMFNT  ARFA  OPERATION  AND 
MAINTFNANGF  - PFRFORMAN'CF  PRFPICTIONS 

PART  I:  INTRODUCTION 

Background 

1.  In  Fiscal  Year  1974  an  investigation  was  conducted  to  determine 
the  potential  of  using  low-ground-pressure  vehicles  to  improve  construc- 
tion and  maintenance  methods  associated  with  management  of  dredged 
material  containment  facilities.  Specifically,  the  investigation  was 
designed  to  inventory  available  low-ground-pressure  vehicles,  prepare  a 
catalog  of  selected  vehicles  with  potential  for  performing  tasks  in 
dredged  material  containment  areas,  and  assess  the  anticipated  perform- 
ance of  the  vehicles  in  certain  areas.1  The  performance  assessment  was 
based  on  a limited  field  data  collection  program  conducted  at  a total 

of  five  disposal  areas  located  in  the  U.  S.  Army  Fngineer  Districts  of 
Mobile,  Savannah,  and  Norfolk. 

2.  Another  study  was  initiated  in  Fiscal  Year  1975  to  characterize 
the  operational  environments  in  disposal  areas  in  several  additional 
Corps  of  Fngineer  Districts  where  containment  area  operation  and  main- 
tenance problems  were  considered  representative  of  those  throughout  the 
United  States.  Data  were  collected  relative  to  soil,  water,  vegetation, 
and  location  problems  within  the  disposal  areas.  In  addition, 
personnel  responsible  for  dredging  disposal  operations  within  each 
District  were  consulted  relative  to  past  and  future  vehicle  require- 
ments necessary  for  management  of  disposal  areas  within  each  District. 
Problems  were  also  discussed  relative  to  transportation  of  operational 
equipment  between  disposal  areas,  modification  of  existing  construction 
equipment  to  satisfy  singular  requirements  for  disposal  area  operations, 
and  possible  development  of  vehicle  selection  criteria  such  that  speci- 
fic relations  could  be  developed  to  assist  District  personnel  in  select- 
ing the  proper  equipment  for  various  disposal  area  management  operations. 
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3.  Concurrent  with  visits  to  the  Districts,  a field  test  program 
was  initiated  to  assess  the  feasibility  of  using  an  experimental  test 
vehicle,  the  Riverine  Utility  Craft  (RUC) , to  create  surface  ditches  and 
perform  other  management  tasks  in  dredged  material  containment  areas  at 
Mobile,  Alabama.  Although  the  RUC  was  originally  designee  for  military 
use,  its  amphibious  and  propulsive  characteristics  indicated  that  the 
vehicle  might  be  useful  in  creating  ditches  to  remove  surface  water  in 
containment  facilities  to  permit  dewatering  or  densi f icat ion  efforts  by 
more  conventional  methods. 


Purpose  and  Scope 


4.  The  overall  purpose  of  this  study  was  to  characterize  the 
operational  environments  associated  with  di edged  matei ial  containment 
areas  so  that  performance  could  be  predicted  for  son”  low-ground-pressure 
vehicles  inventoried  previously. ^ The  performance  predictions  were  made 
using  generalized  equations  derived  through  many  years  of  research  in 
soil-vehicle  interactions. 

5.  The  specific  purpose  was  to  characterize  as  many  representat ive 
sites  as  possible  relative  to  soil,  water,  vegetation,  and  location 
problems.  The  data  collected  were  used  to  catalog  soil-water-vegetation 
combinations  and  to  provide  a basis  for  predicting  the  performance  of 
selected  vehicles  from  the  inventory.  Most  of  the  representative  sites 
selected  were  used  annually  in  disposal  operations  and  the  data  collected 
should  represent  a relatively  constant  type  of  environment  within  the 
Districts  on  ;n  annual  basis. 

0.  In  conjunction  with  this  phase  of  study,  the  related  perform- 
ance of  the  RUC  in  dredged  material  containment  areas  in  Mobile  was 
evaluated  based  on  ditching  and  surface-mixing  operations  and  execution 
of  specific  jobs  analagous  to  operations  in  containment  areas. 

7.  A field  data  collection  program  was  conducted  to  determine 
the  magnitude  of  the  supporting  strength  provided  for  ground-crawling 
equipment  operating  in  areas  in  the  following  six  CE  Districts: 

Detroit,  Chicago,  Now  Orleans,  Seattle,  Philadelphia,  and  Galveston. 
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Each  disposal  area  was  divided  into  data  collection  sites  for  sampling. 
Pertinent  soil  data  were  collected  using  methods  described  in  Refer- 
ence 2,  and  data  relative  to  vegetation  and  water  location  and  depth 
were  measured.  Pertinent  photographic  coverage  was  included  to  assist 
in  comparing  sites  at  different  locations  with  regard  to  vegetation 
coverage  and  surface  water.  The  soil  characteristics  obtained  were 
used  with  inventoried  vehicle  data  to  assess  performance  capabilities 
derived  from  elements  of  the  U.  S.  Army  Materiel  Development  and 
Readiness  Command  (DARCOM)  ground  mobility  model,  or  AMM  (formerly 
AMC-71),  now  in  computer  storage  at  WES.  A description  of  the  AMM,  the 
methodology  used  to  predict  vehicle  performance,  and  the  operational 
environment  characterized  in  the  Savannah,  Norfolk,  and  Mobile  Districts 
are  included  in  Reference  1.  Results  for  the  other  six  Districts  will 
be  reported  herein. 

8.  In  addition  to  vehicle  evaluations,  towing  forces  in  generalized 

soil -water-vegetation  schemes  were  predicted  for  two  towed  ditching 

implements  in  combination  with  selected  vehicles  from  the  inventory. 

Data  for  the  force  predictions  were  obtained  from  agricultural  litera- 
3 

ture  and  WES  data  extrapolations  for  soils  in  which  strengths  increased 

4 

with  depth.  In  the  containment  areas  the  reverse  is  usually  true; 
i.e.,  the  crust  formed  over  the  viscous  material  is  usually  the  firmest 
portion  of  the  soil  strength-depth  profile.  The  assumption  that  in 
ditching  efforts  in  the  containment  areas  the  vehicles  would  generally 
be  limited  to  crust  operation  permitted  application  of  the  force  data 
described  previously. 

9.  Partial  results  of  dewatering  and  densif ication  efforts  at 
Mobile  with  the  RUC  are  also  included  herein.  Initially,  ditching 
efforts  using  drainage  paths  created  by  the  RUC  propulsion  elements 
(Archimedes  screws)  were  evaluated,  followed  by  repetitive  traffic  in 
the  initial  vehicle  ruts  at  4-  to  6-week  intervals.  The  later  efforts 
removed  new  surface  water  from  rainfall  in  addition  to  any  subsurface 
water  that  had  been  moved  by  gravity  into  the  ruts  deepd*ed  by  repeti- 
tive traffic. 


I)ef  init  ions 


10.  Certain  special  terms  used  in  this  report  are  defined  below: 

a.  Coarse-grained  soil.  A soil  of  which  more  than  SO  percent 
of  the  grains,  by  weight,  will  be  retained  on  a No.  200 
sieve  (0.74  nun*). 

b.  ' Cone  index  (Cl).  An  index  of  the  shearing  resistance  of  a 

medium  obtained  with  a cone  penetrometer.  The  value 
obtained  represents  the  \ertical  resistance  of  the  medium 
to  penetration  at  6 ft /min  of  a 30-deg  cone  of  0.5- in. 
base  or  projected  area.  The  value,  although  usually  con- 
sidered dimensionless,  actually  denotes  pounds  of  force  on 
the  handle  divided  by  the  aiea  of  the  cone  base  in  square 
inches  (i.e.  pounds  per  square  inch). 

£.  Critical  layer.  The  layer  of  soil  that  is  most  pertinent 
to  establishing  relations  between  soil  strength  and  vehicle 
performance.  For  50-pass  performance  in  fine-grained  soils 
and  sands  with  fines,  poorly  drained,  it  is  usually  the  6- 
to  12-in.  layer;  however,  it  varies  with  weight  and  type 
of  vehicle  and  with  soil  strength  profile.  For  one-pass 
performance,  it  is  usually  closer  to  the  surface. 

il.  Fine-grained  soil.  A soil  of  which  more  than  50  percent 
of  the  grains,  by  weight,  will  pass  a No.  200  sieve 
(smaller  than  0.74  mm  in  diameter). 

e.  Mobility  index  (MI).  A dimensionless  number  used  to  esti- 
mate the  vehicle  cone  index,  which  results  from  a consid- 
eration cf  certain  vehicle  characteristics. 

f.  Rating  cone  index  (RC1).  The  product  of  the  remolding 
index  and  the  average  of  the  measured  in  situ  cone  index 
for  the  same  layer  of  soil.  The  index  is  valid  only  for 
fine-grained  soils  and  sands  with  fines,  poorly  drained. 

g.  Remolding  index  (Rl).  A ratio  that  expresses  the  propor- 
tion of  original  strength  of  a medium  that  will  be  retained 
after  traffic  of  a moving  vehicle.  The  ratio  is  deter- 
mined from  Cl  measurements  made  before  and  after  remolding 
a 6- in. -long  sample  using  special  apparatus. 

h.  Sand.  A coarse-grained  soil  with  the  greater  percentage 
of  the  coarse  portion  (larger  than  0.74  mm)  passing  the 
No.  4 sieve  (4.76  mm). 


* A table  of  factors  for  converting  metric  (SI)  units  of  measurement 
to  II.  S.  customar;.  units,  and  vice  versa,  is  given  on  page  4. 
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i_.  Sand  with  fines,  poorly  drained.  A sand  that  contains  some 
fines  and  is  slow  draining  when  wet.  Such  sands  exhibit 
behavior  similar  to  wet,  fine-grained  soils  under  vehicular 
traffic. 

j_.  Unified  Soil  Classification  System  (USCS) . A soil 
classification  system  based  on  identification  of  soils 
according  to  their  textural  and  plasticity  qualities  and 
on  their  grouping  with  respect  to  their  engineering 
behavior. 

k.  Vehicle  cone  index  (VCI).  The  minimum  soil  strength  in 
the  critical  soil  layer  in  terms  of  RCI  for  fine-grained 
soils  and  Cl  for  coarse-grained  soils  required  for  a 
number  of  passes  of  a vehicle,  usually  1 or  SO  passes. 

As  the  values  of  VCI  decrease  the  go-no  go  performance 
capability  of  a vehicle  increases. 

l_.  VCIj.  Experimentally  determined  minimum  Cl  or  RCI  of  the 

critical  layer  required  for  a vehicle  to  complete  one  pass. 
The  one-pass  critical  layer  for  most  vehicles  is  usually 
the  0-  to  6-in.  layer. 

m.  VCig().  Experimentally  determined  minimum  RCI  of  the  criti- 
cal layer  required  for  a vehicle  to  complete  50  passes  in 
a fine-grained  soil.  VCI^^  is  computed  for  a given  vehicle 

by  first  calculating  an  MI  from  selected  vehicle  character- 
istics and  then  converting  the  MI  to  VCI  by  means  of  a 
curve  or  tab.e. 


PART  II.  COLLECTION  OF  DATA  FROM  REPRESENTATIVE 
DREDGED  MATERIAL  CONTAINMENT  AREAS 


11.  Pertinent  data  were  collected  in  dredged  material  containment 
areas  where  initial  surveys  indicated  a high  probability  of  a range  in 
operational  environments.  The  areas  were  selected  as  being  representa- 
tive of  most  dredged  material  containment  facilities  used  by  CE.  A 
total  of  4S  areas  were  selected  within  six  CE  Districts:  5 in  Detroit, 

3 in  Chicago,  10  in  New  Orleans,  6 in  Seattle,  7 in  Philadelphia,  and 
14  in  Galveston.  Additionally,  data  were  resampled  in  two  Mobile 
District  areas  to  determine  if  any  inciease  in  soil  strength  had 
occurred  since  the  previous  sampling. ^ 


Data  Collected  and  Collection  Procedures 


12.  Schematic  maps  of  the  sampled  areas  were  prepared  that  deline- 
ated boundaries,  where  possible,  between  fine-  and  coarse-grained  soils 
and  indicated  sample  sites  within  each  area.  In  most  areas,  aerial 
photos  and  field  reconnaissance  were  used  in  establishing  boundaries  and 
locating  sample  sites.  Locations  of  surface  water  or  other  surface 
features  were  shown  on  the  schematics,  where  applicable,  to  delineate 
possible  soil  type  or  soil  strength  changes. 

13.  Sufficient  data  were  collected  in  each  area  to  describe  the 
areas  for  mobility  purposes  and  to  provide  a data  base  from  which  vehi- 
cle performance  predictions  could  be  made  over  a range  of  vehicles,  work 
functions,  and  operational  environments  to  be  expected  on  c Corps-wide 
basis.  Data  were  collected  relative  to  soil  surface  conditions  (surface 
water,  vegetative  cover,  etc.)  and  soil  composition.  Areal  photographs 
were  taken  to  show  surface  conditions  at  the  time  of  data  collection. 

14.  Ten  sets  of  cone  penetrometer  readings  were  taken  in  each  sam- 
ple site.  Each  set  of  readings  consisted  of  cone  index  measurements  at 
the  surface  (in  the  case  of  free  surface  water,  surface  readings  were 
taken  at  the  soil  surface),  at  1-in.  vertical  increments  to  a depth  of 
6 in.,  then  at  3-in.  vertical  increments  to  a depth  of  18  in.,  and 
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finally  at  6-in.  vertical  increments  to  a depth  of  36  in.  Representa- 
tive bulk  samples  were  taken  from  the  0-  to  12-in.  depth  at  each  site 
for  laboratory  determination  of  scil  type  according  to  the  USCS. 
Representative  soil  samples  were  also  collected  for  laboratory  determi- 
nation of  moisture  content  and  soil  dry  density  to  a depth  of  12  in. 

The  depth  to  the  water-table  surface  was  measured  at  sites  where  the 
subsurface  water  was  allowed  to  reach  a state  of  equilibrium  in  the 
sample  holes.  Remolding  index  was  measured  at  representative  sites  in 
most  areas  where  soil  and  water  conditions  indicated  potentially  valid 
samples.  (In  most  soil-vehicle  relations  for  fine-grained  soils,  the 
remolding  index  is  multiplied  by  the  cone  index  to  obtain  a rating  cone 
index  (RCI),  which  more  accurately  describes  soil  strength  changes  with 
vehicle  traffic.)  The  soil  data  from  all  sites  were  grouped  by  soil 
type  to  dilute  any  possible  effects  of  remolding  within  soil  groups  and 
allow  comparison  within  soil  types  by  RCI  variations. 


Description  of  Areas 


15.  The  dredged  material  containment  areas  visited  in  this  study 
are  described  and  pictured  in  Appendix  A.  Basic  cone  index  data  from 
each  area  are  listed  in  Table  A1  and  soils  data  are  summarized  in 
Table  A2.  Each  area  is  pictured  with  a sketch  in  Plates  A1-A47,  showing 
data  collection  sites  established.  In  most  areas  the  soil  conditions 
were  so  poor  that  data  sites  could  be  selected  only  along  the  perimeter 
of  the  area  with  the  soil  actually  too  soft  or  wet  out  near  the  center 
to  support  the  data  collectors. 

16.  In  general,  most  of  the  data  collected  in  these  areas  can  be 
summarized  into  several  common  conditions  relative  to  operation  of 
ground-crawling  equipment.  The  most  commonl  ondition  (to  be  discussed 
more  fully  in  later  paragraphs)  was  very  low  soil  strength.  Most  of 
the  areas  contained  some  soft  soil  of  low  strength  and  in  some  in- 
stances most  of  each  area  was  still  soft  even  though  disposal  operations 
had  been  completed  almost  a year  earlier.  Some  crust  of  varying 
thickness,  depending  on  climatic  conditions,  had  formed  such  that 
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limited  vehicle  mobility  was  possible  using  very  low-ground-pressure 
vehicles.  Also,  some  surface  water  of  less  than  12-in.  depth  was 
present  generally  in  low  spots  or  around  the  drainage  structures.  Most 
of  the  fine-grained  soils  were  located  farthest  away  from  the  influent 
pipe  with  the  coarser  materials  deposited  near  the  pipe  discharge 
point.  Very  little  vegetation  was  present  due  to  the  annual  disposal 
operations,  which  prevented  any  sustained  growth  over  a period  of  years 
before  inundation  in  subsequent  disposal  operations.  Average  area  size 
for  the  representative  areas  sampled  was  250  to  300  acres,  although  the 
area  size  ranged  from  18  to  4000  acres. 

17.  Although  most  of  the  District  personnel  consulted  were  uncer- 
tain as  to  present  vehicle  requirements  necessary  to  operate  and  manage 
dredged  material  containment  areas,  they  were  in  agreement  that  vehicles 
of  some  type  were  needed  to  perform  certain  operational  tasks  in  the 
areas.  Most  of  the  personnel  were  unfamiliar  with  various  vehicle 
operations  and  presently  used  no  techniques  for  selecting  vehicles  to 
operate  in  the  areas  at  specific  times,  nor  did  they  possess  methods  of 
monitoring  increases  in  soil  strength  and  surface  crust  with  time. 
Consequently,  the  general  consensus  was  that  vehicles  were  required  to 
perform  most  management  functions  within  the  containment  facilities  and 
that  all  Districts  should  follow  some  organized  method  of  vehicle 
selection  based  on  the  job  to  be  performed  and  the  areal  conditions 
within  the  facilities.  Also  some  estimate  of  anticipated  vehicle 
performance  was  required  in  order  to  monitor  vehicles  operating  under 
contract  and  examine  their  performance  and  efficiency  relative  to 
contractural  requirements. 


Observations 


18.  Some  pertinent  observations  relative  to  comparative  conditions 
in  the  dredged  material  containment  areas  were  made  in  the  visits  to 
the  six  CE  Districts  described  herein.  In  many  of  the  fine-grained 
soil  areas,  drainage  conditions  were  relatively  poor,  generally  a 
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direct  result  of  dredged  material  disposal  techniques.  This  points  out 
a conflict  in  obtaining  high  quality  effluent  during  disposal  operations 
and  good  surface  drainage  after  dredging  has  been  completed.  The 
discharge  pipe  from  the  dredge  usually  was  placed  in  corners  or  along 
the  sides  of  the  areas  opposite  the  internal  water  removal  systems 
(sluices,  weirs,  culverts,  etc.)  to  increase  the  effectiveness  of  the 
containment  area  during  dredging  operations.  The  discharge  pipe 
generally  remained  at  the  same  location  during  an  entire  discharge 
operation.  Water  from  subsequent  decantation  or  rainfall  ponded  in 
depressions  or  along  the  levees  opposite  the  sluices  or  culverts  and 
usually  remained  there  until  drying  conditions  (evaporation)  exceeded 
precipitation  and  decantation,  usually  during  the  summer  months. 
Consequently,  some  of  the  areas  were  extremely  soft  and  wet  or  covered 
with  surface  water,  even  though  the  areas  had  not  been  used  for  dis- 
posal in  a year  or  two.  It  appeared  that  use  of  well-planned  surface 
drainage  techniques  would  have  removed  the  surface  water  sooner  and 
allowed  drainage  to  continue  in  the  areas  throughout  the  duration  of 
the  natural  desiccation/consolidation  processes,  quite  possibly  in- 
creasing drying  through  natural  drying  process  and  increasing  crust 
thickness  as  a function  of  detention  time. 

19.  Another  areal  feature  quite  evident  in  these  visits  was  the 
poor  placement  of  inadequate  numbers  of  internal  drainage  structures 
within  the  perimeter  of  the  dredged  material  containment  areas.  The 
weirs  and  sluices  used  to  drain  decanted  water  and  rainfall  in  most 
areas  were  placed  too  far  away  from  the  outfall  pipe  to  be  efficient; 
and,  in  most  cases,  only  one  or  two  weirs  or  sluices  were  used  per  area 
regardless  of  facility  size,  which  in  some  cases  was  4000  acres.  This 
so  restricted  the  drainage  paths  that  internal  water  removal  was 
usually  very  slow  and  easily  stopped  by  surface  crust  formation  or 
vegetation  growth. 

20.  In  association  with  drainage  problems,  there  appeared  to  be 
some  general  relaxation  in  maintenance  procedures  in  the  areas.  Some 
of  the  weirs  and  sluices  were  blocked  by  debris  such  as  logs,  stumps, 
and  dead  vegetation  or  by  crusted  material  from  wind-created  wave 
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action  or  flow  patterns  from  drainage.  Some  weirs  were  blocked  by 
vegetation  or  by  the  stop  logs  of  the  weirs  themselves.  Regular 
maintenance  activities  or  at  least  regular  observation  of  the  areas  to 
identify  problems  should  prevent  or  alleviate  most  of  these  problems. 

21.  In  all  fairness  to  the  CE  personnel  involved,  the  lack  of 
survey  or  reconnaissance  vehicles  capable  of  negotiating  the  relatively 
inaccessible  areas  following  disposal  usually  contributed  to  inadequate 
maintenance  of  the  areas.  The  realization  that  most  maintenance  or 
dewatering  techniques  in  these  areas  necessarily  require  some  form  of 
"soft-soil-performance"  vehicle  prompted  the  analysis  herein.  Valida- 
tion of  the  vehicle  performance  predictions  reported  herein  should  lead 
to  the  development  of  procedures  for  staged  dewatering  programs  designed 
to  increase  the  desiccation/consolidation  processes  and  reduce  dredged 
material  containment  facility  detention  time. 
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PART  III.  DATA  ANALYSIS 
Met  hod o logy 

22.  The  methodology  used  herein  to  predict  vehicle  performance  was 
developed  through  years  of  field  testing  with  military  and  conventional 
vehicles.  The  methodology  consists,  in  part,  of  experimental  relations 
for  vehicle  drawbar  pull  and  motion  resistance  in  terms  of  measured  soil 
strength  parameters.  The  standard  measure  of  soil  strength  used  in 
vehicle  relations  is  obtained  with  the  WI-S  cone  penetrometer  and  is 
expressed  as  either  cone  index  (.Cl)  for  coarse-grained  soils  or  rating 
cone  index  (RCI)  for  fine-grained  soils.*  Unlike  coarse-grained  soils, 
very  soft  fine-grained  soils  do  not  ordinarily  increase  in  strength  with 
vehicle  passage,  but  are  remolded  by  passage  and  tend  to  lose  some  of 
their  original  in  situ  strength. 

Computation  of  VC  I 

25.  To  compare  different  vehicles  operating  in  similar  soil  con- 
ditions, each  vehicle  whose  performance  is  predicted  is  assigned  a given 
vehicle  cone  index  (VC I ) for  a prescribed  number  of  passes,  usually 
l (VC  I j ) or  50  (VCIj-^).^  The  VC  1 or  VCI^  is  obtained  by  first 
computing  the  mobility  index  (MI)  as  shown  in  Figures  1 and  2.  The 
calculated  MI  is  then  substituted  into  one  of  the  following  equations 


to  obtain  VC  1 ^ or  VCI^  for  fine-grained  soils: 

£i.  For  tracked  vehicles: 

VCI  = 7.0  + 0.2  Ml  - [30.2  4-  (Ml  + 5.6)]  (1) 

VCI  = 19.27  + 0.43  Ml  - [125.79  f (MI  + 7.08)[  (2) 

b.  For  wheeled  vehicles: 

VCI j = 11.48  + 0.2  MI  - [39.2  4 (MI  + 3.74)]  (3) 

VCIS0  = 28.23  + 0.43  Ml  - [92.67  4 (Ml  + 3.67)]  (4) 


J 


See  paragraph  10  for  definition  of  terms. 
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Figure  _.  Form  used  to  determine  mobility  index  for 
self-propelled  wheeled  vehicles  in  fine-grained  soils 


a.  Vehicle  conditions  (assumed): 

(1)  tracked  vehicle  - gross  vehicle  weight  30,000  lb 

(2)  track  width  and  length  of  track  in  contact  with 
ground  surface  - 18  x 80  in.  (per  track) 

(3)  track  grouser  height  - 1.55  in. 

(4)  total  number  of  rollers  or  bogies  supporting  track 
along  ground  surface  - 5 per  track 

■) 

(5)  area  of  one  track  shoe  - 18  x 6 in.  or  108  in. 

(6)  ground  clearance  under  tractor  - 12  in. 

(7)  gross  engine  horsepower  -f  gross  vehicle  weight  in 
tons  - 125-5  15  or  8.3 

(8)  transmission  type  - mechanical  = 1.05 
b^.  Using  Figure  1 for  tracked  vehicles 

(1)  contact  pressure  factor  = 30,000  Ib/2xl8x80  = 10.42 

(2)  weight  factor  = 1.0 

(3)  track  factor  = 18/100  = 0.18 

(4)  grouser  factor  = 1.0 

(5)  bogie  factor  = 5000/10x108  = 2.78 

(6)  clearance  factor  = 12/10  = 1.2 

(7)  engine  factor  = 1.05 

(8)  transmission  factor  = 1.05 


Mobility  Index  (MI)  = 


10.42  x 1.0 


{3}-*  + (5)  - (6)  x (7)  x (8)  or 


0.18  x 1.0 


+ 2.78  - 1.2  x 1.05  x 1.05  = 65. 6 


c_.  Using  equations  (1)  and  (2),  paragraph  23 

VC  1 j = 7.0  + 0.2  (65.6)  - [59.2  4-  ((,5.6  + 5.6)1  = -0 
VCI50  = 19.27  + 0.43  (65.6)  - [125.79  4-  (65.6  + 7.08)]  = 46 
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25.  Similar  equations  exist  for  coarse-grained  soils,  but  only  the 
performance  predictions  for  fine-grained  soils  will  be  discussed  at  this 
time  since  only  fine-grained  soils  are  critical  with  respect  to  opera- 
tions in  dredged  material  containment  areas.  When  RC  I equals  V'CI  , 

it  is  assumed  that  a vehicle  can  develop  no  drawbar  pull  and  that  all 
effort  generated  by  the  vehicle  is  required  to  overcome  the  motion 
resistance  created  by  the  soil-vehicle  interaction.  If  a vehicle  must 
do  work  in  addition  to  just  propelling  itself  (VCIj),  the  necessary 
thrust  requires  additional  soil  strength.  Thus,  RC1  minus  VC  I ^ , or 

RCI^  , is  a measure  of  the  additional  or  excess  soil  strength  tht.t  will 
allow  the  vehicle  to  develop  additional  thrust.  Accordingly,  as  RCI^ 
increases,  drawbar  pull  increases  and  motion  resistance  decreases  for  a 
given  vehicle. 

26.  In  some  of  the  fine-grained  dredged  material  containment  areas 
described  herein,  the  soil  conditions  were  too  soft  to  permit  the 
extraction  of  soil  samples  for  determination  of  the  remolding  index 
(RI).  Since  RI  is  used  to  determine  RCI  , the  following  means  of 
obtaining  RI  values  for  these  soft  areas  was  devised.  The  remolding 
indexes  available  from  all  sites  (Table  A2)  were  grouped  by  soil  type. 
Extremes  in  the  data  were  deleted,  and  the  indexes  were  then  averaged  to 


obtain  the 

following  average  values: 

No.  of  Samples 

Average  Remolding  Index  (RI) 

Used  for 

0-  to  6-in 

. 6-  to  12-in. 

Soil  Type 

Averaging 

layer 

layer 

Cll 

23 

0.64 

0.64 

CL 

3 

0.58 

0.61 

MH 

25 

0.62 

0.60 

ML 

6 

0.39 

0.41 

• 

Sandy  soils 

(SM  and  SP)  usually 

maintain  or 

exceed  their  in  situ 

strength  after  vehicle  traffic. 

Consequent  1 

y,  no  remolding  tests  were 

conducted  for  the  sandy  sites  described  herein,  and  the  RI  was  merely 
assumed  to  be  greater  than  1.0  for  this  analysis. 


Drawbar  pul  1 

27.  Drawbar  pull  (U)  is  the  amount  of  sustained  force  that  a 

vehicle  can  develop  under  given  operating  conditions.  Usually  it  is 
expressed  in  pounds  or  as  a coefficient,  D/W  where  IV  is  the  vehicle 
weight.  D/1V  varies  with  track  or  wheel  slip  (S)  for  a given  vehicle  and 
operating  condition  (RCI  ).  Usually  maximum  drawbar  pull  (D/V\’m  } 

occurs  at  100-percent  slip;  however,  at  100-percent  slip,  D/W  is 

not  a meaningful  parameter  because  no  useful  work  can  be  done  when  the 
vehicle  is  slipping  in  place  with  no  forward  movement.  Usually  an 
optimum  D/W  value  occurs  around  20-percent  slip;  therefore,  this  slip 
value  represents  the  peak  work  output  condition  of  the  vehicle. 

Motion  resistance 

28.  Motion  resistance  (MR)  is  the  force  developed  by  the  soil  in 
resisting  the  movement  of  a vehicle;  it  is  assumed  to  exhibit  minimal 
variation  with  normal  vehicle  speeds  but  varies  with  RC 1 ^ . MR 
usually  is  expressed  as  a coefficient  (MR/1V)  or  in  pounds. 

Tractive  force 

29.  The  total  traction  or  tractive  force  (TF)  generated  by  a vehi- 
cle is  the  sum  of  the  drawbar  pull  (D)  generated  b\  the  vehicle  on 

RC I and  the  motion  resistance  (MR)  created  bv  the  soil,  or 
x 

TF  = 1)  + MR  (5) 

The  tractive  force  developed  by  the  vehicle  is  relatively  constant  for  a 
given  vehicle  speed,  since  D and  MR  vary  in  about  the  same  degree, 
but  oppositely  for  different  soil  strengths,  i.e.,  as  the  soil  strength 
increases,  1)  increases  while  MR  decreases,  and  as  the  soil  strength 
decreases  D do  reuses  while  MR  increases.  Consequently,  the  sum  of 
D and  MR  is  usually  a relatively  constant  value  for  a given  vehicle 
speed . 

Soil  strength 

SO.  Generally,  the  relations  developed  by  WES  apply  to  soils  that 
naturally  exhibit  profiles  of  increasing  soil  strength  with  increasing 
depth.  In  most  cases,  vehicle  performance  predictions  for  one  pass 
(VCI  ) are  based  on  the  average  of  the  cone  penetrometer  readings  for 


the  0-  to  t > - in.  layer  of  soil,  for  heavy  vehicles,  however,  this  criti- 
cal layer  for  one-pass  vehicle  mobility  may  be  the  6-  to  12-in.  layer, 
lor  most  vehicles  cither  working  (backhoes,  draglines,  etc.)  or  traffick- 
ing in  a given  soil  condition,  the  critical  layer  is  taken  as  the  6-  to 
12- in.  layer. 

31.  In  predicting  vehicle  performance  in  the  nonhomogeneous  soils 
sampled  at  the  various  CE  Districts  reported  herein,  the  soil  strength 
profiles  were  studied  to  a depth  of  12  in.  at  each  data  site.  The  low 
soil  strength  measurements  obtained  for  most  sites  generally  occurred 
throughout  the  soil  strength  profile  for  the  newly  disposed  sites  and 
generally  below  3 in.  for  the  sites  that  had  some  surface  crust.  The 
trend  of  inverse  soil  strength  profiles,  i.e.  weaker  soils  occurring 
below  firmer  surface  soils,  required  analysis  of  both  the  0-  to  -in. 
layer  and  the  6-  to  12-in.  layer  and  selection  of  the  weaker  of  the  two 
layers  for  performance  predictions.  Although  somewhat  conservative  in 
some  instances,  this  technique  generally  produced  performance  predic- 
tions reflective  of  expected  field  performance  based  on  the  soil  condi- 
tions in  each  site.  One  pass  of  a vehicle  over  the  soil  conditions  in 
each  site  would  not  necessarily  disturb  the  0-  to  6-in.  surface  crust, 
but  vehicles  working  in  a site  or  making  numerous  passes  over  the 
surface  would  disturb  or  remold  the  upper  layer  and  cause  vehicle  sink- 
age  below  the  surface  crust.  Soil  support  for  vehicle  operations  would 
then  be  required  of  the  6-  to  12-in.  layer,  thereby  making  this  layer 
critical  in  assessing  the  performance  of  the  vehicle. 

32.  Table  1 was  compiled  from  the  soil  strength  measurements  shown 

in  Table  A2  with  the  District  locations  coded  as  follows:  Detroit 

District  (DD) ; Chicago  District  (CD);  New  Orleans  District  (ND) ; 

Seattle  District  (SD) ; Philadelphia  District  (PD);  Galveston  District 
(CD);  and  Mobile  District  (MD) . The  weaker  of  either  the  0-  to  6-in. 
or  the  6-  to  12-in.  layer  was  selected  and  reported  in  Table  1 for  each 
data  site  in  which  cone  penetrometer  readings  were  collected.  The 
values  of  Cl  and  RCI  shown  in  Table  1 were  used  for  the  performance 
predictions  reported  herein.  Soil  types,  listed  in  Table  1,  were  used 
to  ascertain  if  any  analogies  existing  between  soil  strength  and  soil 


type  for  the  reported  data.  Based  on  these  data,  the  clay  soils,  in 
most  cases,  exhibited  the  lowest  RCI  values,  followed  b>  the  firmer 
silty  soils;  the  firmest  soils  with  the  highest  RC1  values  were  usually 
sandy  silt  soils.  However,  further  data  collection  is  necessary  tc 
firmly  establish  or  refute  this  trend. 

Predictions  of  Vehicle  Performance 


Work  functions 

33.  The  concepts  of  the  various  jobs  required  of  vehicles  operating 
in  and  around  dredged  material  containment  facilities  have  progressed 
from  earlier  ideas  alluded  to  in  Reference  1.  At  the  time  of  the 
vehicle  inventory,  it  was  anticipated  that  construction  and  reconnais- 
sance vehicles  with  only  a cargo-carrying  capability  (no  on-board  attach- 
ments for  moving  material)  would  be  necessary  for  most  operations. 
However,  through  field  studies  with  the  RUC(>  and  observation  of  vehicle 
operations  in  the  Mobile,  Alabama,  area,  it  now  appears  that  the  job 
assignments  in  and  around  dredged  material  containment  facilities 
require  vehicles  that  can  also  ditch  or  bulldoze  or  in  some  manner  move 
or  dispose  of  material  inside  the  facilities.  These  material-moving 
operations  are  required  to  dewater  the  facilities,  prepare  the  facil- 
ities for  reuse  through  rapid  consolidation  of  previously  deposited 
material,  or  provide  construction  or  maintenance  services  within  tie 

fac  i 1 i t i es . 

34.  In  analyzing  the  work  function  of  each  vehicle  relative  to 

performance  predictions  in  dredged  material  containment  area  operations, 
two  general  phases  of  operations  require  analysis:  survey  or  recon- 

naissance activities  and  work  or  operational  activities.  The  first 
phase  is  synonymous  with  visiting  an  area  to  survey  field  conditions, 
take  soil  or  water  samples,  or  perform  some  operation  that  requires  only 
one  pass  over  a specific  area  at  any  given  time.  The  second  phase  is 
synonymous  with  moving  material  to  create  drainage  paths  for  surface 
water,  excavating  ditches  or  sumps,  or  performing  functions  that  require 
multiple  passage  by  the  vehicle  in  the  same  vehicle  path.  In  this 


operational  environment,  fine-grained  soil  under  the  vehicle  is  remolded 
with  vehicle  passage  and  becomes  increasingly  weaker  relative  to  the  in 
situ  strength.  Although  operations  wherein  supplementary  support  is 
used,  such  as  wood  mats,  require  soil  strengths  between  those  required 
for  the  two  phases  described  above,  these  operations  will  be  considered 
as  Phase  2 operations  in  this  analysis,  with  the  understanding  that 
performance  predictions,  in  most  cases,  will  be  somewhat  conservative. 

Soi  1 data 

35.  The  soils  data  were  collected  for  this  analysis  using  proce- 
dures that  would  ensure  that  the  dredged  material  containment  areas  that 
were  visited  and  sampled  were  as  representative  as  possible  within  each 
CE  District.  District  personnel  were  asked  to  select  containment  areas 
representative  of  areas  within  their  jurisdiction  and  as  many  sites  as 
possible  within  time  restrictions  were  sampled  within  the  containment 
area.  Although  the  sampled  areas  described  herein  will  consolidate  with 
time,  the  fact  that  most  of  the  material  used  to  fill  the  areas  was 
generally  dredged  during  periodic  maintenance  dredging  should  ensure  a 
relatively  constant  number  of  areas  similar  to  those  sampled  and  reported 
herein.  The  data  thus  collected  are  considered  representative  and  will 
be  discussed  accordingly. 

Vehic les 

3b.  The  catalog*  of  low-ground-pressure  vehicles  did  not  include 
predictions  relative  to  operational  capacities  or  production,  but 
instead,  reported  on  investigated  anticipated  nerformance  on  a go-no  go 
basis  and  estimated  the  drawbar  pull  of  the  inventoried  vehicles.  To 
perform  activities  such  as  those  described  previously  (paragraphs  33 
and  35  ),  the  vehicles  to  be  analyzed  herein  were  grouped  relative  to 
their  anticipated  function  in  dredged  material  containment  area  opera- 
tions: trenching,  earthmoving,  or  survey  and  reconnaissance.  Within 

each  of  these  basic  categories,  vehicles  were  selected  for  analysis  from 
the  catalog  inventory  and  supplemented  with  representative  construction 
equipment  generally  characterized  as  low-ground-pressure  vehicles. 

Using  the  soil  strength  data  collected  in  this  study,  performance  was 
predicted  iclativc  to  the  three  functions  or  work  groups,  based  on 


performance  in  a percentage  of  the  areas  visited  and  cataloged  in  this 
analysis.  To  assist  in  preparing  these  predictions,  the  critical  layer 
RC1  values  in  terms  of  percentage  of  sampled  areas  with  RCI  or  Cl 
greater  than  each  strength  value  measured  were  plotted  from  the  data  in 
Table  1 and  are  shown  in  Figure  3. 

57.  The  following  representative  vehicles  were  selected  for  study 
in  this  analysis,  relative  to  their  expected  work  functions  in  dredged 
material  containment  area  operations. 

Work 


Veh i c 1 e 

Model  or  Type 

Function 

1 . 

Amphicat 

- 

Survey  and 
reconnaissance 

2 

Thiokol -Trackmaster 

601 

Survey  and 
reconnaissance 

3 . 

Thiokol  Spryte 

1201 

Survey  and 
reconnaissance 

4. 

M29C  Weasel 

U . S . Army 

Survey  and 
reconnaissance 

5. 

MTV  (marginal  terrain 
vehicle,  XM759) 

U . S . Army 

Survey  and 
reconnaissance 

6. 

Marsh  Screw  Amphibian 

- 

Trenching  and 
survey 

7 • 

Quality  marsh  equipment 
ditcher 

104T-DSP-70 

Trenching 

8. 

Riverine  Utility  Craft  (RUC) 

- 

Trenching 

9. 

Quality  marsh  equipment 
dragline 

10XT-DSP-70 

Trenching  and 
earthmoving 

10. 

Caterpillar  dozer 

D4DLGP  (low- 
ground  -pres  sure) 

Harthmoving 

11 . 

Caterpillar  dozer 

D5LGP  (low- 
ground  -pres  sure) 

Farthmoving 

12. 

John  Deere  dozer 

350C  (wide  track) 

Earthmoving 

13. 

J . I . Case  dozer 

350HF  (wide 
track) 

Earthmoving 

14. 

International  Harvester 
dozer 

IH500F. 

Earthmoving 

15. 

l’till  dragl  inc/crane/shovel 

315 

Trenching  and 
earthmov i ng 
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Vehicle 

Mode  1 or  Type 

Work 

Funct ion 

16.  Liebherr  "Swamper"  dragline/ 

925 

Trenching  and 

crane/ shovel 

earthmov i ng 

17.  Bucyrus  Erie  dragline 

15B 

Trenching  and 
earthmov i ng 

18.  Bantam  excavator 

C45 1 

Trenching  and 
earthmov ing 

38.  Vehicle  characteristics  required  for  this  analysis  are  shown 
in  Table  2 for  the  18  vehicles.  The  ground  contact  pressures  of  the 
vehicles,  computed  by  dividing  gross  vehicle  weight  by  projected  surface 
area  in  contact  with  the  ground,  are  also  shown  in  Table  2,  as  are  the 
VCIj  and  VCI^  . The  VCi^  , hereafter,  will  be  considered  synonymous 
with  reconnaissance  activities,  and  VCI^  will  be  considered  synony- 
mous with  operations  such  as  bulldozing,  trenching,  etc.,  activities 
that  require  multiple  passes  by  the  vehicle  in  the  same  path  and  degrada- 
tion of  the  upper  soil  layer.  As  an  indication  of  the  relation  between 
vehicle  ground  contact  pressure  and  VCI  (RCI),  the  data  in  Table  2 were 
plotted  in  Figure  4,  and  envelopes  drawn  for  the  two  sets  of  data.  By 
determining  the  soil  strength  in  the  area  in  vhich  tests  are  to  be 
conducted  and  entering  the  plot  at  the  RCI  of  the  critical  layer  Tor  the 
area,  the  approximate  ground  pressure  of  the  vehicle  necessary  for  the 
required  work  function  can  be  ascertained.  Although  these  specific 
relations  are  only  predictive  and  were  based  on  available  data,  the 
supporting  data  from  which  these  relations  were  constructed  have  been 
validated  through  >ears  of  vehicle  testing.  Future  field  testing  rela- 
tive to  the  data  in  Figure  4 may  produce  results  that  require  revision 

of  these  curves,  but  for  the  present  predictive  purposes,  they  appear 
adequate . 

Predicted  vehicle  performance 

39.  The  18  vehicles  shown  in  paragraph  37  represent  a wide  spectrum 
of  vehicles  with  various  propulsion  systems  and  a range  of  vehicle 
weights  and  sizes.  To  evaluate  their  expected  performance  on  a go-no  go 
basis  in  dredged  material  containment  areas,  the  soil  strength  data 
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Figure  4.  Plot  of  vehicle  ground  contact  pressure 
as  a function  of  soil  strength 
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plotted  in  Figure  3 were  used.  Using  the  V'C'  I ^ to  represent  one-pass 
criteria  (reconnaissance)  and  the  VC  I,.  t0  represent  fifty-pass  criteria 
(operations),  the  percentage  of  the  total  sampled  dredged  material 
containment  areas  equal  to  or  firmer  than  these  two  values  for  each 
vehicle  were  obtained  from  figure  3 ami  used  to  construct  Table  3.  The 
percentages  shown  for  both  reconnaissance  and  operations  activities 
reflect  the  predicted  overall  mobility  of  the  vehicles  relative  to  theii 
anticipated  work  function. 

40.  As  shown  in  Table  3,  the  smaller,  lightweight  vehicles  (1-5) 
commonly  associated  with  survey  and  reconnaissance  activities  (requiring 
one  pass  of  the  vehicle  over  a specific  area)  are  predicted  to  be  able 
to  negotiate  a large  percentage  of  the  sampled  areas  (>70  percent)  on  a 
one-pass  basis.  The  generally  larger  trenching  and  earthmoving  equip- 
ment (vehicles  6-18)  are  not  designed  for  one-pass  operations  in  soft, 
marshy  terrain  (rcot  mat  excluded)  and,  consequently,  are  not  equipped 
for  such  operations.  Except  for  vehicles  6-9,  which  are  low-ground- 
pressure  amphibious  vehicles,  none  of  the  trenching  and  earthmoving 
equipment  is  predicted  to  negotiate  more  than  75  percent  of  tire  sampled 
areas  on  a one-pass  basis.  The  predicted  performance  of  the  18  vehicles 
relative  to  operational  activities  requiring  multiple  passes  by  the 
vehicles  in  the  same  soil  area  generally  follow  the  trend  for  one-pass 
operations.  Vehicles  6-9,  which  are  vehicles  with  somewhat  unconven- 
tional propulsion  systems  designed  for  marshy  terrain,  are  predicted  tc 
negotiate  most  of  the  sampled  areas  used  for  this  analysis.  One  of  this 
group  of  vehicles,  vehicle  8 (the  RUC) , was  selected  for  more  detailed 
stud)  at  Mobile,  and  results  of  these  tests  will  be  discussed  in  later 
paragraphs . 

41.  The  more  conventional  earthmoving  equipment  (doners,  draglines, 
etc.)  could  not  operate  in  a majority  of  the  areas  sampled  because  of 
tie  combination  of  extremely  soft  soils  and  high  vehicle  ground  pres- 
sures.  However,  these  vehicles,  or  vehicles  of  these  types,  must  be 
used  where  substantial  amounts  of  material  will  be  moveu  by  mechanical 
means  or  where  large  towing  forces  must  be  developed  for  towing  equip- 
ment (drill  rigs,  soil  samplers,  etc.)  inside  the  dredged  material 
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containment  facility  in  operational  activities  (multiple  passes). 
Relations  have  been  developed  by  WHS  to  predict  the  performance  of  these 
vehicles  moving  material  or  towing  equipment  in  fine-grained  soils 
(coarse-grained  soils  usually  present  few  operational  problems).  These 
curves,  shown  in  Figures  S and  6 for  tracked  and  wheeled  vehicles, 
respectively,  arc  based  on  excess  rating  cone  index  above  either  VCIj  or 
VCIr()  to  correlate  with  previously  described  data.  Curves  are  shown  Tor 
vehicles  with  ground  pressures  <4  psi  and  >4  psi  , the  ground  nressure 
found  through  research  by  WES  to  generally  produce  a change  in  vehicle 
performance.  Although  the  VC  I ^ curves  presently  appear  only  minor  in 
consequence  when  specific  work  functions  are  considered,  the  predictive 
data  represented  by  these  curves  will  be  included  herein  Tor  future 
reference.  Relative  to  eithet  reconnaissance  or  the  more  important 
opeiational  activities,  however,  the  available  drawbar  pull  of  a vehicle 
can  be  estimated  from  the  figures,  beset'  on  excess  RCI  above  VC1,  by 
estimating  the  soil  strength  in  the  area  where  operations  are  scheduled. 
The  predicted  drawbar  pull  of  the  vehicle  can  then  be  used  to  estimate 
force  available  for  moving  material  in  the  area  in  earthmoving,  trench- 
ing, scraping,  or  similar  operations.  Use  of  force  estimates  will  be 
discussed  in  later  paragraphs. 

Auxiliary  Trenching  Equipment 

42.  Because  of  the  long  time  interval  between  initial  disposal  into 
a new  area  and  the  point  at  which  suTficient  crust  thickness  forms  in  an 
area  to  allow  traffic  by  heavier,  more  conventional  equipment,  any 
operations  that  can  aid  in  removal  of  decanted  water  or  rainwater  will 
speed  desiccation.  Also,  the  semifluid,  soupy  material  existing  in  the 
areas  during  this  interval  allows  passage  of  only  the  lowest-ground- 
pressure  vehicles  (ground  pressures  <1  psi),  which  usually  must  be 
amphibious.  These  vehicles  usually  are  not  conventional  dozers  or 
ditchers  and  most  lack  means  of  moving  material  or  creating  drainage 
paths  to  drain  surface  water  and  speed  crust  formation.  Consequently, 
auxiliary  equipment  that  can  trench  or  ditch  while  being  towed  b>  those 
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vehicles  will  assist  in  dewateting  efforts  or  actually  improve  the 
performance  of  any  of  the  vehicles  that  do  possess  onboard  trenching  or 
ditching  capability  (vehicles  5,  (>,  7,  anu  8). 

45.  As  a means  of  improving  the  predicted  performance  of  the  18 
vehicles  above  in  reconnaissance  or  operational  activities  in  dredged 
material  containment  areas,  two  towed  ditching  tools  were  constructed  to 
allow  low-ground-pressure  vehicles  without  blades  or  trenching  equipment 
to  provide  useful  services  in  dredged  material  containment  areas  by 
merely  towing  these  tools.  The  tools  were  constructed  using  ideas 
obtained  from  existing  construction  and  agricultural  equipment  sources, 
but  were  not  actually  tested  in  the  field.  Two  sets  of  each  tool  were 
constructed  so  that  the  tool  sets  could  be  towed  singly  or  as  a pair, 
either  behind  the  centerline  of  the  vehicle  or  with  a tool  set  in  each 
rut  made  by  the  vehicle.  It  is  not  anticipated  at  this  time  that  one  of 
each  tool  would  be  towed  together  behind  a vehicle  because  of  the  dif- 
ferences in  towing  force  required  to  pull  each  tool  type. 

14.  Two  large  sealed  wheels,  each  like  the  one  shown  in  Fig- 
ure "a,  were  constructed  to  be  towed  behind  the  vehicles  to  create 
V-shaped  ditches,  the  depth  of  the  ditches  governed  by  the  strength  of 
the  material  in  the  dredged  material  containment  areas.  Each  wheel, 
approximately  4 ft  in  diameter  and  1 ft  in  maximum  width,  weighed 
approximately  275  lb  empty.  The  weight,  however,  can  be  gradually 
increased  to  a maximum  of  550  lb  each  for  very  firm  soils  with  the 
addition  of  water  inside  the  scaled  wheels.  The  surface  ditches  formed 
by  towing  the  V-shaped  wheels  will  create  drainage  patterns  in  the 
relatively  flat  dredged  material  containment  areas,  increasing  the 
volume  of  surface  water  (either  from  decantation  or  rainfall)  that  can 
be  i emoved  from  the  area,  ultimately  creating  a surface  crust  over  most 
or  all  of  the  area. 

45.  Two  pairs  of  4-ft-diam  circular  disks,  shown  in  Figure  7b, 
were  also  fabricated  to  increase  the  performance  of  nonbulldozing  or 
nonexcavating  vehicles.  The  two  opposed  disks  in  each  pair,  of  fo-in. 
maximum  concavity,  weigh  approximately  200  lb  total  and  can  he  used  to 
ditch  and  throw  aside  soil,  usually  firmer  material  such  as  that  existing 


Towable  V- shaped  wheel 
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after  formation  cf  a slight  surface  crust.  The  depth  of  the  ditches 
created  will  again  be  a function  of  the  soil  strengths  in  the  dredged 
material  containment  areas.  The  maximum  width  of  a pair  of  disks  in  the 
towed  direction  is  39  in. 

46.  To  ascertain  the  amount  of  predicted  drawbar  pull  required  to 
tow  the  two  implements  in  the  dredged  material  containment  areas  des- 
cribed herein,  the  towing  force  required  by  each  set  of  wheels  or  disks 

, 3 

was  estimatec.  from  draft  curves  obtained  from  agricultural  interests' 

supplemented  with  data  for  similar  devices  tested  previously  by  the 
WES.1  These  force  data  represent  tests  in  rather  firm,  homogeneous 
soils,  however,  and  the  curves  constructed  from  these  data  and  shown  in 
Figure  8 will  require  validation  in  dredged  material  containment  areas, 
as  will  the  other  prediction  curves  described  previously.  The  predicted 
fore  s for  these  implements  represent  only  average  force  values,  in  that 
specific  depths  of  operation  and  implement  widths  are  required  to  com- 
pute the  draft  force.  These  dimensions,  however,  are  seldom  constant  in 
field  operations,  and  the  heterogeneity  of  most  dredged  material  con- 
tainment areas,  relative  to  soil  strengths  and  surface  crusts,  requires 
averaging  of  the  environmental  factors  present  in  order  to  predict 
average  single  towing  force  or  draft  requirements. 

47.  Although  the  curves  presented  in  paragraphs  40-46  have  not  been 
validated  through  field  testing,  the  data  on  which  they  are  based  have 
been  validated  by  WES  through  years  of  soil-vehicle  testing.  Conse- 
quently, the  curves  should  represent  the  expected  performance  of  vehi- 
cles or  vehicle-tool  combinations  in  field  operations  in  dredged  mate- 
rial containment  areas  and  should  need  only  minor  revision  through  field 
testing  to  become  valid  predictive  devices.  As  an  example  of  the  use  of 
these  curves  in  determining  whether  vehicles  or  vehicle-tool  combinations 
will  perform  in  designated  dredged  material  containment  areas,  the  data 
shown  in  Table  4 were  computed  from  the  curves  discussed  in  paragraphs 
40-46.  In  order  to  compute  the  drawbar  pull  values  for  Table  4,  a soil 
strength  value  of  20  RCI  was  selected  from  Figure  3 to  represent  a 
majority  (=:60  percent)  of  the  areas  sampled  for  this  analysis. 
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48.  Using  Figure  8a,  the  draft  force  required  to  tow  the  V-shaped 
wheel  on  20  RC i would  he  80  lb.  Assuming  a 2-mph  towed  speed  with 

12  in.  width  and  12  in.  depth  for  the  disk  set.  Figure  8b  yields  a 
required  towing  force  of  3 psi  x 12  in.  x 12  in.  or  432  lb.  Using  these 
values,  the  available  drawbar  pull  values  of  Table  4 exceed  cither  80  lb 
for  the  V-shaped  or  432  lb  for  the  disk  and  indicate  that  all  of  the 
vehicles  will  pull  either  one  V-shaped  wheel  or  one  disk  set  on  a 20  RCI 
for  one  pass.  Even  if  two  of  each  tool  are  pulled  together  and  the 
pulls  doubled,  all  of  the  vehicles  except  vehicle  1 will  null  both. 
Vehicle  1,  however,  is  predicted  to  have  a drawbar  pull  of  509  lb  on 
20  RCI.  Two  disk  sets  require  2 x 432  or  864  lb,  or  355  lb  more  drawbar 
pull  than  Vehicle  1 will  have  available  on  20  RCI.  The  drawbar  pull 
available  for  multiple  passes  is  not  sufficient  for  all  vehicles  to  tow 
equipment  on  20  RCI.  Vehicles  15-18,  with  VCI^  values  greater  than 
20  RCI,  will  not  be  able  to  negotiate  50  passes  alone  and,  consequently, 
will  not  be  able  to  tow  any  equipment  in  multiple  passes  on  20  RCI. 

Most  of  the  remaining  14  vehicles  (except  vehicle  1)  are  predicted  to 
develop  sufficient  drawbar  pull  above  VC.I  to  tow  one  of  each  tool. 

All  of  the  14  vehicles  except  1,  4,  10,  and  13  are  predicted  to  develop 
sufficient  pull  to  tow  two  of  each  tool. 

49.  Although  this  illustration  includes  some  vehicle-tool 
combinations  that  may  seem  somewhat  unlikely  to  be  used  together  in  a 
real  field  investigation,  nonetheless  the  illustration  shows  the  use  of 
the  prediction  curves  in  assessing  vehicles  or  vehicle-tool  combinations 
in  Operations  in  dredged  material  containment  areas.  The  available 
drawbar  pull  predicted  with  Figures  5 and  6 may  also  be  used  for  addi- 
tional vehicle  predictions,  such  as  earthmoving  production  in  terms  of 
quantity  of  material  bulldozed  or  excavated  per  hour.  The  soft  soils 
sampled  for  this  analysis  would  preclude  any  large  amounts  of  carthmov- 

i ng  or  excavation,  but  future  investigations,  in  dredged  material  con- 
tainment areas  that  have  been  dormant  for  several  years  and  where  soil 
strengths  arc  much  higher,  may  indicate  that  such  efforts  could  be 
useful.  If  so,  techniques  have  been  developed  to  use  the  data  in  Fig- 
ures I and  o to  determine  anticipated  production. 
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KUC  Operations 


50.  Only  the  Riverine  Utility  Craft  (RUC),  vehicle  3,  (Figure  9a) 
was  predicted  to  negotiate  all  of  the  sampled  areas  described  herein 
(Table  3).  This  particular  vehicle,  now  undergoing  extensive  field 
testing  at  Mobile,  is  a unique  and  specialized  piece  of  equipment.  By 
nature  of  its  propulsion  system  (the  Archimedes  screw  principle),  the 
RUC  can  rather  easily  create  concave  ditches  from  6 in.  up  to  3 ft  deep 
by  3 ft  wide  depending  on  crust  thickness  in  most  dredged  material 
containment  areas  (Figure  9b)  to  serve  to  drain  or  dewater  the  areas 
(Figure  10a).  The  RUC  also  has  an  extremely  high  horsepower-to-weight 
ratio  (156  hp/ton) , 2 to  5 times  higher  than  most  vehicles,  and  is 
amphibious,  both  factors  ensuring  that  the  vehicle  will  traverse  most 
dredged  material  containment  areas  from  the  initial  fluid  state  up  to 
the  very  stiff,  crusted,  vegetated  state  resulting  from  natural  desicca- 
t ion . 

51.  To  obtain  a data  base  for  evaluating  the  effectiveness  of 
dewatering  techniques  with  the  RUC,  a full-scale  test  program  was 
undertaken  at  Mobile,  Alabama,  in  August  1975.  Although  the  full 
report  of  the  findings  of  this  program  will  be  published  separately, 
some  results  to  date  bear  mentioning  herein. 

52.  The  RUC  is  capable  of  negotiating  in  almost  any  soil  condition, 
although  the  extremely  high  coefficient  of  friction  between  the  rotors 
and  dry  sand,  such  as  occurs  near  dredge  pipe  outfalls,  places  a severe 
strain  on  the  gears  and  transmissions.  Several  breakdowns  have  occurred 
at  Mobile  because  of  this  severe  strain  in  areas  of  dry  sand.  Also, 
there  exists  an  optimum  soil  strength  ( 30  RCI)  in  fine-grained  soils 
with  surface  crusts,  in  which  the  RUC  is  capable  of  creating  relatively 
smooth  16-  to  24-in. -wide  ruts  with  a single  pass  of  the  vehicle  (Fig- 
ure 9).  These  trenches  serve  to  remove  surface  water  from  rainfall  or 
decantation,  with  the  water  draining  through  desiccation  cracks  to  the 
ruts,  and  down  the  ruts  to  outflow  wiers  (Figure  10a).  The  resulting 
crust,  formed  by  natural  evaporative  processes,  however,  soon  thickens 
so  that  it  extends  below  the  bottom  of  the  RUC  trenches,  and  drainage 
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Figure  10.  Progressive  trenching  techniques  in  dredging 
material  containment  area  dewatering 


becomes  less  efficient.  Thus,  progressive  trenching,  i.e.,  increasing 
trench  depth  with  periodic  RUC  operations,  is  necessary  to  maintain  a 
trench  flow  line  below  the  base  of  adjacent  desiccation  cracks.  Also, 
periodic  trenching  is  necessary  because  the  fluid  state  of  dredged 
material  under  the  crust  inhibits  the  establishment  of  trench  depths 
more  than  a few  inches  below  existing  crust  thickness.  Eventually,  the 
surface  crust  over  the  area  formed  through  this  periodic  trenching 
process  becomes  too  thick  and  the  trench  depths  too  deep  for  the  RUC  to 
operate  effectively.  However,  at  this  point  in  time,  the  surface  crust 
is  usually  thick  enough  to  support  first  amphibious  draglines  and  later 
either  small  draglines  or  backhoes  to  operate  in  the  area  to  progres- 
sively deepen  the  trenches,  as  shown  in  Figures  10b  and  10c. 

53.  In  dewatering  a dredged  material  containment  area  with  the 
RUC,  the  initial  step  is  to  break  up  any  crusted  or  heaped  material 
immediately  in  front  of  and  adjoining  the  drainage  paths  constructed  in 
the  dikes  (sluices,  weirs,  culverts,  etc.)  (Figure  11a),  preferably 
following  completion  of  the  pumping  operations.  Some  slight  depressions 
will  occur  behind  the  RUC,  which  will  immediately  fill  with  decanted 
water  (Figure  lib) . After  several  weeks  of  periodic  operations  of  the 
RUC,  usually  in  established  ruts  from  previous  operations,  sufficient 
crust  will  form  to  allow  ditches  to  form  following  passage  of  the  RUC. 
With  continued  RUC  operation  and  consequent  desiccation,  the  RUC 
trenches  will  increase  in  depth  (Figure  10b),  and  the  soil  will  finally 
reach  a consistency  of  about  30  RCI , in  which  nearly  semicircular, 
relatively  smooth  ditches  can  be  created.  From  this  point  on,  progres- 
sive trenching  techniques  can  be  used  to  deepen  and  widen  the  ditches 

to  remove  rainwater  while  allowing  the  area  to  dessicate. 

54.  The  Complete  RUC  dewatering  operation,  depending  on  the  size 
of  the  area,  soil  conditions,  and  climate  may  take  from  several  months 
to  a year  before  sufficient  crust  has  formed  to  allow  more  conventional 
vehicles  onto  the  crust  in  the  area.  In  most  climates,  the  rainy 
season  will  interrupt  this  cycle  (for  a given  area),  and  without 
management  of  the  drainage  structures  the  area  may  again  fill  with 
surface  water.  To  maintain  drainage  over  this  period,  several  techni- 
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of  crust  material  near  weirs 


ques  were  attempted  with  the  RUC,  but  the  most  effective  appeared  to  be 
finger  trenches  (Figure  11c),  which  radiated  out  into  the  disposal  area 
from  the  weirs  and  provided  drainage  paths  throughout  the  area.  Other 
techniques  are  now  being  attempted  and  will  be  reported  in  future 
reports  on  Mobile  tests.  This  step-by-step  process  has  been  used  thus 
far  at  Mobile,  Alabama,  and  Charleston,  South  Carolina,  with  outstanding 
results.  In  Mobile  some  50  acre-ft  of  water  were  removed  from  a dredged 
material  containment  area  in  24  hr  using  RUC  trenches;  the  area  drained 
to  the  point  where  only  20  to  30  acre-ft  of  water  remained  in  the  area 
one  week  later  (Figures  lid  and  lie). 

55.  The  uniqueness  of  the  RUC  and  its  military  background  prohibits 
easy  procurement  of  RUC-type  vehicles  for  Corps-wide  use.  At  present, 
no  large  RUC-type  vehicle  is  commercially  available  on  the  open  market. 

56.  Further  testing  at  Mobile  will  provide  additional  information 
relative  to  RUC  operations,  dewatering  techniques,  vehicle  evaluations, 
etc.,  and  should  lead  to  development  of  an  orderly  process  of  dredged 
material  containment  area  dewatering  and  desiccation  using  RUC-type 
vehicles. 
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PART  IV.  CONCLUSIONS  AND  RECOMMENDATIONS 


Cone lusions 

57.  Based  on  the  analysis  of  the  data  obtained  for  this  study,  the 
following  conclusions  are  drawn: 

a.  Based  on  data  obtained  by  this  investigation,  soil-vehicle 
relations  derived  by  WES  appear  to  be  applicable  to 
vehicle  operations  in  dredged  material  containment  areas 
even  though  the  cone  index-depth  profiles  are  reversed, 
i.e.,  the  material  usually  weakens  with  depth  rather  than 
strengthens.  Therefore,  vehicle  performance  relations 
that  are  known  to  be  valid  for  normal  cone-index-depth 
profiles  should  be  valid  for  dredged  material  containment 
area  operations. 

b.  Soil  data  collected  in  45  confined  dredged  material  disposal 
areas  in  six  Corps  of  Engineer  Districts  indicate  that 

soft  soils  are  much  more  prevalent  than  firm  soils,  with 
nearly  80  percent  of  the  areas  exhibiting  critical-layer 
soil  strengths  less  than  50  RCI.  This  high  percentage  of 
areas  with  relatively  soft  soils  indicates  that  only 
vehicles  with  very  low  ground  contact  pressures  will  be 
able  to  negotiate  most  CE  dredged  material  containment 
areas. 

£.  Three  basic  work  functions  appear  necessary  in  operations 
in  dredged  material  containment  areas:  survey  and  recon 

naissance,  trenching,  and  earthmoving.  At  present,  only 
survey  and  reconnaissance  vehicles  appear  available  to  any 
limited  extent. 

d.  Based  on  the  vehicle  analysis  in  this  study,  only  unique 
or  specialized  equipment,  specifically  designed  for  soft- 
soil  operations,  are  capable  of  negotiating  more  than 
95  percent  of  the  areas  sampled  and  perform  functions 
other  than  survey  and  reconnaissance.  Many  of  the  smaller 
lightweight  vehicles  are  capable  of  making  single  passes 
over  these  areas,  but  are  not  capable  of  performing  any 
work  functions. 

£.  Conventional  trenching  or  earthmoving  equipment  capable  of 
moving  material  in  these  areas  to  create  ditches,  move 
dredged  material,  or  build  cross-dikes,  require  firm  soil 
on  which  to  perform  such  activities  and  consequently  are 
predicted  to  negotiate  only  about  50  percent  of  the  areas 
sampled.  These  vehicles  arc  seldom  required  to  perform 
their  assigned  functions  in  soft,  marshy  terrain  and  are 
not  designed  for  such  activities. 
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f_.  Although  not  tested  in  a field  environment,  two  towed 
ditching  and  trenching  implements  fabricated  for  soft- 
soil  operations  could  assist  vehicles  without  on-board 
trenching  equipment  in  dewatering  selected  dredged  material 
containment  areas  on  a limited  basis. 

g.  Field  tests  to  date  indicate  that  the  RUC  bridges  the 
transitional  zone  in  dredged  material  containment  area 
development  from  the  fluid  state  to  the  semisolid  state; 
during  this  desiccation  process,  the  RUC  is  capable  of 
performing  useful  functions  relative  to  dewatering  and 
consolidating  the  area.  RUC  operations  appear  to  be  a 
useful  initial  step  in  dewatering  of  the  area,  and  by  using 
progressive  trenching  techniques,  sufficient  water  can  be 
removed  in  the  area  to  permit  the  formation  of  crust 
sufficient  to' support  progressively  heavier  trenching  or 
earthmoving  equipment . 


Recommendat ions 


58.  Based  on  the  above  conclusions,  it  is  recommended  that: 

a_.  Carefully  monitored  tests  be  conducted  in  dredged  material 
containment  areas  to  validate  extrapolated  WES  soil-vehicle 
relations . 

1).  Tests  be  conducted  with  as  many  types  of  vehicles  as 

possible  to  verify  the  three  work  functions  to  ascertain 
if  all  are  practical  or  if  more  functions  should  be  added. 

£.  Monitor  crust  formation  in  the  Mobile  area  to  determine 
the  point  at  which  conventional  equipment  can  enter  the 
area . 

d.  Tests  be  conducted  with  the  two  towed  implements  to  vali- 
date the  predicted  drag  force  curves  shown  in  this  report. 
Also,  tests  should  be  conducted  to  determine  other  param- 
eters that  affect  the  utility  of  the  implements  to  deter- 
mine the  proper  soil  conditions,  towing  speeds,  etc.,  for 
optimum  implement  effectiveness. 


45 


Rl:l- ERENCIiS 


'l 


1.  Green,  C.  E.  and  Rula,  A.  A.,  "Low-Ground-Pressure  Construction 
Equipment  for  Use  in  Dredged  Material  Containment  Area  Operation 
and  Maintenance  - Equipment  Inventory,"  Technical  Report  D-77-1, 
April  1977,  Mobility  and  Environmental  Systems  Laboratory,  U.  S. 

Army  Engineer  Waterways  Experiment  Station,  Vicksburg,  Miss. 

2.  "Materials  Testing,"  Technical  Manual  No.  5-530,  Departments  of  the 
Army  and  the  Air  Force,  Washington,  D.  C. , February  1966. 

3.  American  Society  of  Agricultural  Engineers,  Agricultural  Engineers 
Yearbook , St.  Joseph,  Mich.,  1975. 

4.  Rush,  E.  S.  and  Green,  C.  E.,  "Helicopter  Movement  on  Unimproved 
Terrain,"  Technical  Report  M-74-1,  January  1974,  Mobility  and 
Environmental  Systems  Laboratory,  U.  S.  Army  Engineer  Waterways 
Experiment  Station,  Vicksburg,  Miss. 

5.  "The  Unified  Soil  Classification  System,"  Technical  Memorandum  No. 
3-357,  April  1960,  U.  S.  Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  Miss. 

6.  Palermo,  M.  R. , "Progressive  Ditching  as  a Technique  for  Dewatering 
Fine-Grained  Dredged  Material,"  Technical  Report  (in  preparation), 

U.  S.  Army  Engineer  Waterways  Experiment  Station,  Vicksburg, 

Miss . 

7.  Rush,  E.  S.  and  Willoughby,  W.  E. , "Feasibility  of  Using  Large 
Tractor  Dozers  in  the  Surface  Mining  of  Coal  and  the  Reclamation 
of  Mined  Areas,"  Miscellaneous  Paper  M-76-4,  March  1976,  Mobility 
and  Environmental  Systems  Laboratory,  U.  S.  Army  Engineer 
Waterways  Experiment  Station,  Vicksburg,  Miss. 


46 


J 


Table  1 


Critical  Layer  Values  of  RC 1 or  Ci  for  Data  Sites* 


Location  Code** 

RC  I or  CI 

Soil  Type 

DO- 1-1 

0 

Cll 

Dll- 1-4 

0 

CH 

ND-9-1 

0 

SM 

GD-5-1 

1 

CL 

PD- 3 - 1 

1 

Mil 

GD-9-1 

2 

Cll 

GD- 12-1 

2 

CH 

GD- 12-3 

9 

CH 

PD- 1-1 

2 

Mil 

DD-3-4 

3 

Mil 

MD- 1-3 

3 

C11 

MD- 1 -4 

3 

CH 

GD-4-1 

3 

CL 

PD-6-3 

3 

Mil 

DD-5-3 

3 

CH 

DD- 1-3 

3 

CH 

DD- 1-5 

3 

CH 

MD-2-1 

3 

CH 

DD-5-2 

4 

CH 

PD-6-1 

4 

Mil 

GD-12-2 

4 

CH 

DD- 1-2 

4 

CH 

SD-2-1 

4 

OL 

MD- 1-2 

4 

C11 

PD- 1-2 

4 

Mil 

DD-3-3 

4 

MH 

GD-7-1 

5 

CL 

CD-3-2 

S 

MH 

GD- 11-1 

5 

CH 

SD-5-3 

5 

ML 

SD-6-2 

5 

ML 

SD-6-1 

6 

ML 

CD-1-3 

6 

ML 

GD- 1-2 

6 

C11 
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SM 

SM 


(Sheet  5 of  5) 


Table  3 

Percentage  of  Areas  Negotiable  for  Reconnaissance  and  Operational  Activities 
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APPENDIX  A:  DATA  SUMMARY  AND  SITE  DESCRIPTION  FOR  SAMPLED 

CONTAINMENT  AREAS 

1.  The  representative  dredged  material  containment  areas  visited 
in  this  study  are  described  and  the  operational  environments  are  dis- 
cussed in  the  following  paragraphs.  Basic  cone  index  data  are  listed  in 
Table  A1  and  soils  data  are  summarized  in  Table  A2.  The  data  described 
herein,  by  nature  of  the  selection  and  collection  procedures,  are  con- 
sidered representative  of  most  CE  Districts  within  the  contiguous  United 
States. 

Detroit  District  areas 

2.  Two  areas  near  Lincoln  Park,  Michigan,  (Figure  Al)  were  visited 

in  May  1975,  but  were  not  sampled  because  of  their  inaccessibility.  The 
two  unsampled  areas.  Mud  Island  and  Grassy  Island  in  the  Detroit  River, 
were  islands  formerly  diked  to  serve  as  containment  facilities.  Four 
areas  (1,  2,  4,  and  5)  in  the  Maumee  River  in  the  vicinity  of  Toledo, 

Ohio,  near  Lake  Erie,  and  one  area  (3)  on  the  River  Raisin  at  Monroe, 

Michigan,  were  sampled  (Figure  A2). 

3.  Area  1 . Area  1,  known  as  Island  18,  was  in  Maumee  Bay  north- 

east of  Toledo  and  was  approximately  160  acres  in  size.  The  area  was 
soft  and  rather  poorly  designed  for  surface  drainage,  with  only  one  weir 
in  the  northeast  corner.  At  the  time  the  area  was  sampled  (May  1975), 
nearly  one  half  was  covered  with  scattered  pockets  of  surface  water 
having  depths  up  to  4 ft.  Five  sample  sites  were  selected  for  data 
collection,  and  a photograph  was  taken  to  depict  the  area  for  comparison 
with  other  areas  (Plate  Al).  Cone  index  data  collected  at  each 

site  (Table  Al)  and  all  soils  data  are  summarized  in  Table  A2.  Little 

or  no  surface  crust  was  apparent  in  the  fat  clay  (CH)  soil  in  the  area. 

4.  Area  2 . Area  2 was  on  the  Maumee  River  near  Riverside  Park, 
Ohio,  and  encompassed  approximately  30  acres.  The  area  was  relatively 
firm  silty  clay  (MU),  was  uniform  in  strength  as  indicated  in  Table  Al , 
and  had  no  evident  surface  crust.  Plate  A2  indicates  the  location  of 
five  data  sites  selected  in  the  area. 


Al 


ligurt.  \1  Location  of  unsampled  containment  areas  near  Lincoln  Park,  Michigan 

A 2 


5.  Area  5.  Area  3,  on  the  Raisin  River,  was  northeast  of  Toledo 
in  Monroe,  Michigan,  The  site  was  actually  a low  marshy  area  of  Lake 
Hrie  that  had  been  partially  diked  on  three  sides,  with  surface  water 
allowed  to  drain  into  Plum  Creek  and  eventually  back  into  Lake  Hrie. 

The  soil  was  ailty  clay  (MH)  with  little  or  no  crust  and  varied  in 
strength  relative  to  the  four  sampling  locations  selected  in  the 

area  (Plate  A3) . 

6.  Area  4 . Area  4 was  located  northeast  of  area  2 on  the  Maumee 
River  and  was  known  locally  as  Penn  8.  The  area  encompassed  was  approxi- 
mately 32  acres  with  fat  clay  (CH) , silty  clay  (Mil),  and  silty  sand  (SM) 
soil  types.  Five  sites  were  sampled  (Plate  A4) . Sites  1 and  2 were 
located  near  the  weirs  and  were  relatively  soft  (Table  A2),  and  the 
other  sites,  3-5,  were  relatively  firm  with  little  or  no  surface  water. 

7.  Area  5.  Northeast  of  areas  2 and  4,  but  still  on  the  Maumee 

River,  area  5 (Penn  7)  was  recently  used  as  a disposal  site  (1975)  and 
some  surface  water  remained  along  the  northeast  dike  (Plate  A5) . The 
30-acre  area  was  composed  of  fat  clay  (CM)  soil  and  was  relatively  soft 
and  uncrusted  so  that  only  three  sample  sites  could  be  established. 
Chicago  District  areas  . • , 

8.  Three  dredged  material  containment  areas  in  southeastern 
Chicago  near  the  southern  shore  of  Lake  Michigan  (Figure  A3)  were 
visited  and  sampled  in  May  1975. 

9.  Area  1 . Area  1,  known  as  Stoney  Island,  had  been  used  fre- 
quently for  disposal  of  material  dredged  from  the  Calumet  River.  The 
total  area  inclosed  by  dikes  was  approximately  40  acres.  The  area  was 
poorly  drained  and  at  the  time  it  was  sampled,  20  percent  of  it  was 
covered  with  surface  water  (Plate  A6) . Six  sample  sites  were  established 
in  an  area  of  silt  (ML),  where  there  was  no  surface  water  or  surface 
crust  (Table  Al) . 

10.  Area  2 . Area  2,  approximately  100  acres  in  size,  was  south  of 
area  1,  adjacent  to  the  Thomas  J.  O'Brien  Lock  and  Dam  on  the  Calumet 
River.  Vegetation  had  sprung  up  throughout  the  area  and  no  surface 
water  present  (Plate  A7) . Four  sites  were  established,  two  in  silty 
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clay  (Mil)  and  two  in  sandy  silt  (SM)  with  no  apparent  surface  crust  at 
any  site  (Table  Al). 

11.  Area  3.  Area  3,  west  of  areas  1 and  2 and  parallel  to  the 
Calumet  Sag  Channel  and  Interstate  294,  an  elongated  disposal  area  of 
approximately  30  acres,  was  last  used  in  1973  for  disposal  of  material 
dredged  from  a portion  of  the  channel  10  miles  away.  The  area  had  been 
divided  in  the  middle  by  a dike  to  permit  comparison  drainage  by  stand- 
ard weirs  on  the  east  end  and  siphon  or  pipe  weirs  on  the  west.  At  the 
time  of  sampling,  the  siphons  were  plugged,  and  the  weirs  were  too  high 
in  the  dike  to  permit  drainage.  Consequently,  water  had  ponded  along 
the  southern  dike  in  both  ends  of  the  area  (Plate  AS) . Six  sample 
sites,  three  in  each  end,  were  established  in  silty  clay  (MH)  soil. 

Data  from  the  sites  (Table  Al)  indicated  nonuniform  cone  index  measure- 
ments; there  was  no  apparent  crust.  The  softer  material,  of  course,  was 
nearest  the  ponded  water. 

New  Orleans  District  areas 

12.  Three  dredged  material  containment  areas  in  the  vicinity  of  New 
Orleans  were  visited  and  sampled.  Areas  1 and  2 (Figure  A4)  were  typi- 
cal of  disposal  sites  along  the  lower  Mississippi  River,  and  area  3 was 
typical  of  disposal  sites  along  shipping  lanes  serving  areas  adjacent  to 
New  Orleans. 

13.  In  addition,  seven  dredged  material  containment  areas  (4-10) 
were  selected  for  sampling  in  the  Lake  Charles-Lake  Calcasieu  area  as 
being  representative  of  dredging  and  disposal  operations  in  that  part  of 
the  New  Orleans  District.  The  maintenance  dredging  of  the  Calcasieu 
River  Channel  was  in  full  operation  during  data  collection  (October 
1975),  and  only  four  of  the  seven  areas  were  accessible  for  sampling. 

14.  Area  1 . This  dredged  material  disposal  area  was  southeast  of 
New  Orleans  and  along  the  Southwest  Pass  of  the  Mississippi  River.  The 
area,  2.5  miles  below  the  navigation  point  known  as  lleatl  of  Passes,  lay 
along  the  northern  edge  of  Southwest  Pass  adjacent  to  Riverside  Bay  at 
Navigation  light  27.  The  area  was  undiked  with  indefinite  boundaries 
due  to  tin  instability  of  the  underlying  material,  which  prevented 
building  dikes  or  levees  in  the  marsh  around  the  disposal  area  (Plate  A9) . 


Instead,  generally  bowl-shaped  raarshy  areas  had  been  selected  and  pumped 
full  of  material  (usually  sand  (SP))  to  the  general  level  of  the  sur- 
rounding terrain.  One  sample  site  was  selected  near  the  middle  of  the 


area. 

15.  Area  2 . Located  2.5  miles  farther  downstream  from  area  1, 
area  2 was  adjacent  to  Dixon  Bay  on  the  north  side  of  Southwest 

Pass  (Plate  A10) . Soil  conditions  at  the  only  site  sampled,  near  the 
middle  of  the  area,  were  essentially  the  same  as  those  of  area  1,  and 
the  soil  strength  was  essentially  the  same  (Table  A2) . 

16.  Area  5 . This  dredged  material  containment  area  was  adjacent  to 
the  Mississippi  River-Gulf  Outlet,  which  was  dredged  to  provide  a 
shorter  (than  via  the  Mississippi  River)  outlet  to  the  Gulf  of  Mexico 
from  eastern  New  Orleans.  The  sample  site  for  the  area  was  near  the 
south  shore  of  Lake  Borgne  (Figure  A5)  and  was  selected  because  of  its 
ease  of  accessibility.  The  site  was  in  the  middle  of  the  0.75-mile-wide 
disposal  area  adjacent  to  the  outlet  (Plate  All).  The  entire  disposal 
area  was  thickly  vegetated,  and  the  soil  was  rather  firm  silt  (ML) 

(Table  A2) . No  surface  water  was  present  at  the  time  of  sampling  (June 
1975). 

17.  Area  4.  Southwest  of  Lake  Charles,  Louisiana,  this  310-acrc 
area  was  last  used  for  disposal  in  1973.  Silty  sand  (SM)  and  fat  clay 
(CH)  dredged  from  the  Calcasieu  River  (Figure  A5)  had  been  deposited 
into  the  area.  The  soil  was  rather  firm  when  sampled  (Table  A2) , and 
the  surface  was  completely  covered  with  heavy  cane  and  marsh 
grasses  (Plate  A12).  No  surface  water  was  present. 

IS.  Area  5.  This  310-acre  area  southwest  of  area  4 had  not  been 
used  in  recent  years,  but  was  being  prepared  (dikes  raised)  for  pumping 
in  1976.  Most  of  the  soil  in  the  area  was  crusted  fat  clay  (CH) , with  a 
small  central  portion  of  the  area  composed  of  silty  sand  (SM) . The  clay 
was  still  rather  soft  below  the  surface,  as  shown  by  the  cone  index  data 
in  fable  A1 , but  the  sandy  area  was  firm  with  no  vegetation.  No  surface 
water  was  present  in  the  area  (Plate  A13) . 

19.  Areas  6,  7 . and  8 . These  three  areas  were  northeast  of  areas  1 
and  2 along  the  Calcasieu  River  and  had  recently  been  filled  or  were 
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being  filled  with  dredged  material  during  data  collection.  The  areas 
were  covered  with  a fluid  mixture  of  water  and  soil  that  prevented 
sampling.  Area  6 (Plate  A14)  was  the  largest  with  425  acres;  area  7 
(Plate  A15)  had  125  acres;  and  area  8 (Plate  A16)  was  much  smaller  with 
70  acres. 

20.  Area  9.  Located  nearly  adjacent  to  area  8,  area  9 was  a non- 
homogeneous  area  of  silty  sand  (SM)  with  three  distinct  soil  conditions, 
as  shown  by  the  soils  data  in  Table  A2.  Data  collection  sites  were 
established  in  areas  representative  of  each  : the  condition  lat 
A17).  Some  surface  water  was  present  in  the  softer  areas,  but  little  or 
no  vegetation  was  present. 

21.  Area  10.  This  small  silty  sand  (SM)  area  of  about  30  acres  was 
adjacent  to  area  9 on  the  north.  The  soil  was  firm  (Table  A2),  and  the 
entire  area  was  covered  with  vegetation  (Plate  A 1 8 ) . Only  one  sample 
site  was  selected  because  of  the  relative  homogeneity  of  the  conditions 
in  the  area. 

Seattle  District  areas 

22.  Six  dredged  material  containment  areas  were  visited  in  the 
Seattle  District  during  September  1975  (Figure  A6) . Areas  1 through  I 
were  north  of  Seattle  along  Puget  Sound,  and  areas  5 and  6 were  south- 
west of  Seattle  along  Grays  Harbor.  The  areas  were  typical  of  those 
used  for  dredged  material  disposal  operations  in  the  northwestern  United 
States. 

23.  Area  1 . Area  1 was  some  50  miles  north  of  Seattle  near  Anacurte 
Washington,  and  was  an  18-acre  future  industrial  site.  Dtvd  ng  op-.  1 

t ions  had  begun  only  8 days  before  the  visit,  and  very  lilt  It  laterial 
was  visible  within  the  diked  area.  In  the  pumping  operation,  a cutti 
head  dredge  with  24-in.  disposal  pipe  was  dredging  material  fron  tin 
nearby  Anacortes  Navigation  Channel  and  depositing  it  into  the  coni  • • J 
area.  The  facility,  to  be  developed  as  an  industrial  site  by  the  city 
of  Anacortes,  was  to  he  filled  with  (>00,000  vd'  of  material  in  a 10-wcek 
period  under  a CP.  maintenance  dredging  contract,  then  turned  over  to  the 
city  for  development.  No  soils  data  were  collected,  but  a photo  and 
ketch  of  the  area  are  shown  in  Plate  \19. 


24.  Areas  2 and  3.  Areas  2 and  3 (Figure  A6)  were  developed 
simultaneously  through  stages  disposal  operations  as  a portion  of  the 
Capsante  Waterway  Project  adjacent  to  the  Anacortes  Navigation  Channel. 

3 

Approximately  60,000  yd  of  organic  silt  (0L)  were  dredged  from  Capsante 
and  deposited  into  area  2;  the  finer  material  in  suspension  flowed  by 
pipe  into  area  3 for  settlement.  As  shown  in  Table  A2,  the  average 
cone  indexes  of  the  two  areas  were  about  equal  (10  and  12);  and  both 
areas  had  some  surface  crust.  Some  surface  water  was  present  along  the 
dikes,  as  shown  in  Plates  A20  and  A21. 

25.  Area  4 . Area  4,  northeast  of  Everett,  Washington,  was  com- 
posed of  fine  sand  (SP)  pumped  in  1973  from  the  nearby  Snohomish  River. 
The  area  was  relatively  dry  and  firm  with  sparse  vegetation.  No  surface 
water  was  present  (Plate  A22) . The  entire  area  had  been  leased  to  a 
local  paving  contractor  for  the  material. 

26.  Area  5.  Some  100  miles  southwest  of  Seattle  along  Grays 
Harbor  (Figure  A7) , this  88-acre  area  was  created  with  dredged  material 
from  the  Chehalis  River  channel  at  Hoquiam.  About  375,000  ydJ  of  fine 
sand  (SPJ  and  silt  (ML)  were  deposited  into  a 70-acre  diked  area,  with 
the  finer  material  carried  in  suspension  and  allowed  to_ settle  in  an 
18-acre  tract  to  the  northwest.  The  entire  area  had  crusted  over,  as 
shown  by  the  cone  index  data  in  Table  A1 , although  some  soft  areas  were 
still  present  as  shown  by  the  data  for  site  3.  Some  surface  water  was 
present  along  the  dikes,  and  some  vegetated  areas  (mostly  small  willows) 
were  present  inside  the  70-acre  area  (Plate  A25) . The  sandy  material, 
nearest  the  Chehalis  River,  had  been  purchased  and  was  being  removed  by 
a paving  contractor  during  WES  data  collection. 

27.  Area  6.  Area  6,  a 100-acre  site  on  the  opposite  bank  of  the 
Chehalis  River  channel,  had  been  filled  with  250,000  yd'-*  of  silty  (Mil) 
in  July  1975.  The  area  was  soft  and  relatively  wet,  as  shown  in  Table 
A2,  with  surface  water  in  the  southern  bald  of  the  area  (Plate  \24). 
Annual  disposal  operations  are  scheduled  for  the  next  3 or  I yr  i r this 
area  before  the  CE  releases  it  to  Weyhauser  Lumber  Company  as  a pulpwood 
retention  basin  or  log  storage  area. 
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Figure  A7.  Locations  of  containment  areas  in  Philadelphia  District 
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Philadelphia  District  areas 

28.  Seven  dredged  material  containment  areas  (Figure  A7)  were 
sampled  in  the  Philadelphia  District  in  September  1975.  The  areas  are 
used  periodically  by  the  Philadelphia  District  to  dispose  of  material 
dredged  from  the  Delaware,  Schuylkill,  and  Christina  rivers  to  maintain 
navigation  channels  in  these  rivers.  The  areas  selected  were  typical 
of  the  7500  acres  of  disposal  facilities  now  under  lease  to  the  Phila- 
delphia District. 

29.  Area  1 . Area  1 was  397  acres  of  silty  clay  (MH)  and  silty  (ML), 
located  southeast  of  Wilmington,  Delaware,  in  an  area  of  New  Jersey 
known  as  Penn's  Neck.  Sites  1 and  2 (Plate  A25)  were  located  near  the 
sluice  gates  and  were  relatively  soft  (Table  A2) , while  site  3 was 
located  near  the  discharge  pipe  and  was  very  hard.  The  only  surface 
water  present  from  1974  disposal  was  ponded  in  the  south  corner  of  the 
area.  Heavy  growths  of  phragmites  (reeds  and  cane)  covered  the  northern 
and  eastern  portions  of  the  area. 

30.  Area  2 . This  1430-acre  area  southwest  of  area  1 was  near  Fort 
Mott,  New  Jersey,  in  an  area  referred  to  locally  as  Killcohook.  The 
area  was  completely  covered  with  6-  to  8-ft  phragmites  "(PlAtc  A26)  and 
was  relatively  firm,  as  shown  in  Table  A2.  Sites  1 and  2 near  the 
sluice  gates  were  the  softest,  but  were  in  the  finer  silty  clay  (MH) , 
compared  to  the  silt  (ML)  in  the  northern  part  of  the  area  (sites  3 and 
4).  No  surface  water  was  present  during  data  collection  (September 
1975),  although  the  area  had  been  used  for  disposal  1 yr  earlier. 

31.  Area  3 . This  570-acre  area,  known  locally  as  Pedricktown 
South,  was  northeast  of  areas  1 and  2 near  Pedricktown,  New  Jersey. 

The  area  had  been  used  previously  and  was  completely  covered  with  vege- 
tation. At  the  time  of  sampling  (September  1975),  the  area  was  again 
being  filled  with  dredged  material  (Plate  A27).  Only  two  data  collec- 
tion sites  were  established  in  the  area  because  of  the  presence  of 
newly  pumped  material  that  was  too  soft  to  sample.  Site  1 was  nearer 
the  new  material  than  site  2 (Table  A2) , and  botli  were  in  silty 

clay  (Mil)  material. 
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32.  Area  4 . This  700-acre  area  northeast  of  area  3,  known  locally 
as  Pedricktown  North,  had  been  used  previously  and  during  data  collec- 
tion (September  1975)  was  being  used  as  a borrow  area  for  silt  (ML). 

Some  surface  water  and  vegetation  were  present  (Plate  A28)  at  the  only 
site  that  could  be  established  in  the  area. 

33.  Area  5.  Area  5 was  southeast  of  Wilmington,  Delaware,  on  the 
southern  end  of  Cherry  Island.  This  was  a 231 -acre,  two-celled  area 
(Plate  A29)  used  for  disposal  of  silty  clay  (MH)  dredged  from  the  navi- 
gation channel  of  the  Christina  River.  The  area  had  been  pumped 
recently  (September  1974),  but  was  relatively  firm  during  data  collection 
(September  1975),  as  shown  by  the  cone  index  data  in  Table  A1 , except 
for  some  softer  material  present  below  9 in.  at  site  1.  Heavy  growths 

of  grass  were  present  in  the  area. 

34.  Area  6.  This  containment  area,  southwest  of  Philadelphia  at 
Fort  Mifflin,  Pennsylvania,  had  included  139  acres,  but  in  1975  the 
containment  area  was  being  increased  in  size  by  the  diking  of  an  addi- 
tional 180  acres  for  disposal  use.  The  139-acre  area  sampled  in  Septem- 
ber 1975  had  been  pumped  the  previous  year  in  maintenance  dredging  of 
the  Delaware  and  Schuylkill  Rivers.  Four  data  sites  were  established 

in  the  139-acre  area  (Plate  A30) : sites  1 and  3 in  a soft  silty 

clay  (MH)  and  sites  2 and  4 in  a rather  firm  silty  sand  (SM) . There 
was  some  surface  water  and  nearly  100  percent  coverage  of  the  area  with 
assorted  species  of  vegetation. 

35.  Area  7.  The  National  Park  Disposal  Area  (area  7),  154  acres, 

was  near  National  Park,  New  Jersey,  across  the  Delaware  River  from 
Philadelphia.  Three  data  sites  were  established  (Plate  A31):  sites  1 

and  3 in  a rather  firm  silty  clay  (MH)  and  site  2 in  a firm  silty 
sand  (SM)  . Thick  vegetation,  but  little  or  no  surface  water,  was 
present . 

Gal veston  District  areas 

36.  Three  containment  areas  (1-3)  were  selected  around  Port  Arthur, 
Texas,  for  data  collection.  The  areas  were  generally  representative  of 
the  range  of  soil  types  and  strengths  occurring  in  that  area.  Five 
areas  (4-8)  were  selected  near  Houston,  Texas,  as  representative  dredged 
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material  containment  areas  in  that  part  of  the  Galveston  District.  The 
areas  were  near  the  Houston  Ship  Channel,  from  which  the  dredged  material 
was  pumped.  Three  areas  (9-11)  were  selected  in  the  vicinity  of 
Galveston  for  data  collection  (in  October  1975).  The  containment 
facilities  were  rather  large,  but  had  been  filled  recently  and  were 
still  relatively  soft.  One  area  (12)  was  visited  and  sampled  in  the 
Freeport  area,  and  two  (13  and  14)  in  the  vicinity  of  Corpus  Christi, 
Texas . 

37.  Area  1 . Area  1 was  450  acres  of  fat  clay  (CH)  northeast  of 
Port  Arthur  at  the  junction  of  the  Neches  River  and  Sabine  Lake  (Figure 
AS).  The  area  had  been  recently  used  for  disposal  and  was  crusted  and 
relatively  soft  at  sample  sties  (Table  A2).  Site  1 was  covered  with 
surface  water  (Plate  A32) . Material  for  the  fill  in  the  area  had  been 
dredged  from  a harbor  and  dock  area  nearby  in  the  Sabine-Neches  Canal  , 
which  is  a portion  of  the  Gulf  Intracoastal  Waterway. 

38.  Area  2.  This  was  a 510-acrc  area  of  firm  fat  clay  (CH)  south- 
west of  Port  Arthur  adjacent  to  the  Intracoastal  Waterway  (Figure  AS). 
Fill  for  the  area  had  been  dredged  from  the  Port  Arthur  Harbor  east  of 
the  area.  The  entire  area  was  crusted,  dry,  and  uniform,  had  no 
surface  water,  and  was  completely  covered  with  vegetation  (Plate  A35) . 
Cone  index  and  soils  data  for  the  only  sample  site  selected  because  of 
the  area  uniformity  of  soil  conditions  in  the  area  are  shown  in  Tables 
A1  and  A2,  respectively. 

39.  Area  3 . South  of  Port  Arthur  and  southeast  of  area  2 (Figure 
AS),  this  395-acre  area  was  crusted,  dry,  and  uniform  in  soil  strength. 
Material  for  the  area  had  been  dredged  from  the  adjacent  Port  Arthur 
Canal  along  Sabine  Lake.  Three  sample  sites  were  established  in  the 
area  of  fat  clay  (CH)  (Table  A2).  No  surface  water  and  very  little 
vegetation  was  present  (Plate  A34). 

40.  Areas  4 and  5.  These  two  interconnected  areas,  known  as  West 
Jones  North  and  South  Cells,  were  north  of  Pasadena,  Texas,  and  cast  of 
Galena  Park,  both  east  of  Houston  (Figure  A9) . North  Cell  (area  4)  was 
85  acres  in  area  and  South  Cell  (area  5)  was  90  acres,  with  an  earthen 
levee  between  and  a weir-culvert  controlling  flow  between  the  areas  of 


lean  clay  (CL)  soil.  Both  areas  had  been  filled  recently;  the  material 
was  pumped  into  the  North  Cell  (Plate  A35)  and  allowed  to  flow  through 
the  weir-culvert  into  South  Cell  (Plate  A36) . Both  areas  were  very 
soft.  The  material  to  the  36-in.  depth  in  South  Cell  was  slightly 
softer  and  finer  in  texture  than  that  in  North  Cell  by  virtue  of  the 
filling  technique. 

41.  Area  6 . Across  a road  from  West  Jones  (areas  4 and  5,  Figure 
A9) , East  Jones  (area  6)  was  a 105-acre  area  of  crusted,  but  soft,  lean 
clay  (CL).  The  material  had  been  pumped  into  the  north  end  of  the 
area,  and  water  had  eventually  ponded  at  the  south  end  (Plate  A37). 

Two  data  collection  sites  were  established  in  the  north  end  of  the 
area.  Soils  data  for  the  sites,  shown  in  Table  A2,  indicate  a rather 
uniform  area  relative  to  soil  strength.  The  area  was  overgrown  with 
patchy  marsh  grasses  and  cattails. 

42.  Area  7.  This  580-acre  area,  called  the  Clinton  Disposal  Area, 
was  north  of  Galena  Park,  Texas  (Figure  AO),  and  was  being  filled 
during  data  collection  (October  1975).  The  area  was  bisected  by  a 
secondary  road  atop  a raised  levee  under  which  numerous  culverts  had 
been  placed  connecting  the  two  sections  (Plate  A58) . Most  of  the  area 
was  covered  with  liquid  lean  clay  (CL)  material  except  for  the  southwest 
corner,  where  a single  data  collection  site  was  established.  As  shown 

by  the  cone  index  value  (Table  Al),  this  portion  of  the  area  was  slightly 
crusted,  but  still  very  soft. 

43.  Area  8.  A smaller  70-acrc  area  west  of  the  Clinton  area, 
known  as  the  Glendale  Disposal  Area,  was  visited  but  was  not  sampled 
because  of  the  fluid  : .terial  still  remaining  from  a recent  disposal 
operation.  As  shown  in  Plate  A59,  the  area  was  completely  covered  with 
surface  water. 

44.  Areas  9 and  10.  This  dual -celled  875-acre  area,  northeast  of 
the  city  of  Galveston  in  the  Fort  San  Jacinto  area,  was  near  the  inter- 
section of  the  Houston  and  Galveston  ship  channels  and  adjacent  to  the 
Gulf  of  Mexico.  As  shown  in  Plates  A40  and  A41 , the  larger  cell,  area 
10,  was  partially  surrounded  by  area  9.  The  two  areas  were  inter- 
connected to  it  by  culverts  and  weirs.  Dredged  material  had  been 


pumped  into  area  10  and  allowed  to  flow  out  of  the  weirs  and  culverts 
into  area  9.  Consequently,  as  shown  in  Table  A2,  area  9 was  much 
softer  than  area  10.  The  soil  in  both  areas  was  fat  clay  (CH) . Some 
vegetation  had  grown  in  the  areas  before  the  last  filling,  and  some  of 
the  taller  of  the  grasses  and  canes  were  protruding  througli  the  muck  in 
the  two  areas. 

45.  Area  11.  Area  11  was  at  the  junction  of  the  Houston  and 
Galveston  ship  channels  and  adjacent  to  the  Texas  City  Ship  Channel. 
This  large  (1590-acre)  disposal  area  was  known  locally  as  Pelican 
Island  and  was  just  north  of  the  city  of  Galveston  in  Galveston  Bay. 

The  area  had  just  recently  been  filled  with  material  dredged  from  the 
Galveston  Ship  Channel.  The  fat  clay  (CH)  was  still  very  soft,  except 
in  the  southeast  corner,  where  the  surface  was  not  inundated  by  water. 
Two  sample  sites  were  selected  (Plate  A42)  for  data  collection.  No 
vegetation  was  visible  in  the  area. 

46.  Area  12.  Area  12  was  150  acres  of  fat  clay  (CH)  south  of  the 
city  of  Freeport  and  parallel  to  the  Gulf  Intracoastal  Waterway  (Figure 
A10) . The  area  had  been  filled  in  1974  and  was  still  very  soft  during 
data  collection  (October  1975).  A cross  dike  had  been  constructed  out 
into  the  area  near  the  west  end  to  channel  flow  toward  the  outflow  weir 
nearby,  but  water  had  ponded  between  the  cross-dike  and  the  dike  on  the 
southwest  (Plate  A43) . Sparse  vegetation  had  grown  near  several  inflow- 
sites  on  the  northwest  side  of  the  area. 

47.  Area  15.  This  295-acre  area  north  of  Corpus  Christ i (Figure 
All)  was  at  the  junction  where  the  Corpus  Christi  Ship  Channel  enters 
Corpus  Christi  Bay.  The  area  is  used  to  hold  polluted  material  dredged 
from  the  Corpus  Christi  Channel,  which  contains  extremely  fine  fat  clay 
(CH)  material,  and  when  placed  in  suspension  requires  an  extended 
period  of  containment  prior  to  settlement.  The  water  is  allowed  to 
evaporate  rather  than  run  off  because  of  the  pollution  problems  and  the 
slow  settlement  rate  of  the  suspended  solids.  The  area  was  crusted  and 
rather  soft  (Table  A2) , with  some  water  ponded  on  the  west  side,  as 
shown  in  Plate  All. 


48.  Area  14.  This  100-acre  artificial  island  in  Corpus  Christi 
Bay  near  Ingleside,  Texas,  was  being  created  from  material  dredged  from 
the  La  Qunita  Ship  Channel.  The  dredge  was  building  the  perimeter 
walls  during  the  WES  data  collection,  and  the  area  was  visited  only  by 
boat.  No  soils  data  were  collected,  but  a photo  of  the  area  is  shown 
in  Plate  A45. 

Mobile  District  areas  (resampled) 

49.  To  establish  representative  soil  data  for  comparison  with 
other  dredged  material  containment  areas  in  this  study,  the  two  dredged 
disposal  areas  on  Blakeley  Island,  Alabama,  which  were  originally 
sampled  in  April  19741,  were  resampled  in  June  1975. 

50.  Area  1 . Located  on  the  north  end  of  Blakeley  Island  adjacent 
to  the  Mobile  River  (Figure  A12),  this  85-acre  area  of  generally  fat 
clay  (CH)  was  relatively  soft  at  the  time  of  sampling.  About  20 
percent  of  the  area  was  covered  with  surface  water  (Plate  A46) . Four 
sample  sites  were  selected  in  the  area  not  covered  with  water,  and  soil 
data  were  collected  at  each  site  as  shown  in  this  appendix.  Some  crust 
was  evident  in  readings  for  all  of  the  sites  except  site  3. 

51.  Area  2.  Located  on  the  south  end  of  Blakeley  Island  (Figure 
A12) , area  2 was  175  acres  of  fat  clay  (CH)  slightly  firmer  than  the 
soil  of  area  1 (Table  Al).  Some  surface  water  was  present,  as  shown  in 
Plate  A47,  and  some  surface  crust  had  formed  in  the  area. 
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Table  A1 


Basic  Cone  Index  Data 
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74 

82 

92 

86 

76 

155 

I-- 

214 

6 

14 

20 

1 7 

24 

30 

32 

34 

42 

54 

76 

86 

s ; 

66 

60 

? 

1 

20 

52 

40 

45 

52 

58 

65 

84 

113 

141 

164 

166 

120 

144 

7 

32 

58 

80 

96 

108 

117 

132 

152 

115 

120 

92 

97 

68 

70 

5 

29 

54 

76 

91 

97 

98 

108 

134 

166 

156 

154 

157 

102 

120 

4 

22 

35 

41 

46 

50 

62 

78 

56 

32 

23 

26 

30 

55 

37 

(Cont i nued) 


Table  A1  (Continued) 


Area  Site  Average  Cone  Index  at  Depths  Indicated,  in. 


No. 

No. 

0 

1 

2 

3 

4 

5 

6 

9 

12 

15 

18 

24 

30 

36 

Chicago  District 

(Continued) 

3 

1 

16 

32 

30 

32 

59 

58 

45 

44 

47 

64 

86 

134 

191 

300  + 

2 

8 

11 

13 

12 

13 

12 

13 

12 

12 

10 

10 

12 

15 

22 

3 

36 

52 

48 

48 

51 

56 

54 

54 

46 

42 

38 

44 

44 

44 

4 

48 

67 

71 

69 

70 

72 

65 

60 

56 

52 

50 

46 

42 

39 

5 

14 

15 

16 

16 

18 

21 

21 

19 

14 

12 

12 

12 

14 

16 

6 

12 

17 

20 

19 

21 

21 

19 

15 

11 

9 

9 

10 

11 

13 

New 

Orleans  District 

i 

1 

41 

100 

155 

209 

280 

352 

405 

467 

363 

289 

263 

299 

387 

537 

■> 

1 

34 

84 

147 

213 

284 

357 

427 

512 

582 

592 

594 

623 

606 

617 

3 

1 

32 

67 

96 

126 

144 

147 

160 

165 

1S4 

184 

14S 

129 

115 

116 

4 

1 

50 

99 

137 

152 

158 

178 

192 

161 

S6 

106 

146 

★ ★ 

_ 

_ 

2 

60 

60 

58 

42 

32 

36 

42 

116 

194 

238 

265 

* * 

- 

- 

5 

1 

50 

38 

34 

29 

29 

26 

24 

55 

24 

42 

55 

46 

36 

33 

2 

78 

103 

170 

244 

336 

425 

444 

546 

507 

253 

223 

110 

97 

100 

6,7,8 

1 

★ 

9 

1 

0 

0 

0 

0 

0 

0 

0 

0 

2 

4 

10 

9 

18 

21 

2 

16 

17 

14 

17 

27 

28 

25 

20 

n 

12 

12 

16 

20 

20 

3 

46 

80 

122 

174 

204 

202 

196 

92 

60 

80 

80 

72 

84 

86 

10 

1 

54 

101 

109 

130 

164 

214 

246 

225 

222 

153 

151 

125 

120 

152 

S 

eatt  lc 

■ Di 

strict 

1 

1 

k 

*r 

I 

1 1 

16 

13 

9 

7 

/ 

(■ 

7 

S 

10 

1 5 

19 

21 

2 

17 

14 

12 

1 1 

10 

9 

9 

s 

S 

9 

13 

20 

26 

33 

1 

IS 

12 

10 

1 1 

1 1 

1 1 

12 

12 

12 

14 

16 

21 

25 

28 

2 

16 

14 

1 1 

13 

12 

1 1 

1 1 

12 

13 

14 

IS 

* k 

- 

- 

4 

1 

/ 

20 

52 

104 

175 

266 

550 

5 6 5 

('-(> 

750+ 

750  + 

750  + 

750  + 

750  + 

No  data.  Dredged  material  being  pumped  into  disposal  area  or  area  flooded, 
bottom  of  fill  area  (not  dredged  material). 


(Cent i nued 1 


Table  A1  (Continued) 


Area 

Site 

Average  Cone 

Index  at 

Depths 

Indicated,  in. 

No. 

No. 

0 

1 

2 

3 

4 

5 

6 

9 

12 

15 

18 

24 

30 

36 

Seattle 

District 

(Continued) 

5 

1 

28 

34 

48 

67 

71 

61 

61 

29 

21 

26 

62 

74 

65 

59 

2 

54 

68 

59 

38 

35 

34 

36 

38 

54 

59 

78 

184 

275 

287 

3 

12 

10 

9 

8 

7 

7 

7 

8 

10 

1 1 

15 

20 

43 

53 

6 

1 

12 

12 

13 

10 

14 

20 

25 

33 

36 

37 

31 

27 

24 

26 

Philadelphia 

District 

1 

1 

42 

26 

22 

13 

8 

5 

4 

4 

5 

5 

6 

8 

14 

19 

2 

18 

15 

15 

14 

14 

12 

9 

8 

8 

9 

10 

15 

18 

24 

3 

472 

343 

262 

217 

182 

178 

165 

113 

147 

133 

123 

130 

180 

178 

2 

1 

50 

50 

52 

51 

44 

4S 

39 

47 

86 

72 

75 

73 

78 

85 

2 

34 

30 

26 

26 

27 

27 

25 

15 

11 

10 

11 

14 

18 

26 

3 

110 

134 

138 

108 

118 

149 

190 

236 

188 

212 

166 

110 

106 

104 

4 

97 

143 

174 

212 

244 

2 IS 

213 

230 

279 

256 

230 

116 

140 

196 

3 

1 

1 

1 

2 

2 

3 

5 

4 

19 

45 

58 

78 

77 

70 

77 

2 

28 

34 

36 

38 

36 

45 

54 

62 

62 

62 

72 

59 

60 

67 

4 

1 

26 

40 

41 

36 

40 

39 

56 

192 

348 

434 

372 

438 

370 

576 

5 

1 

56 

60 

58 

52 

48 

48 

44 

48 

59 

76 

70 

68 

42 

41 

2 

303 

276 

217 

172 

152 

151 

107 

76 

68 

68 

108 

158 

17S 

191 

6 

1 

9 

1 1 

10 

9 

8 

8 

8 

13 

84 

26 

23 

28 

26 

28 

2 

50 

124 

330 

400 

393 

384 

436 

750  + 

750  + 

750  + 

750  + 

750  + 

750  + 

750  + 

3 

4 

4 

5 

6 

7 

8 

8 

203 

189 

750  + 

750  + 

750  + 

750  + 

750  + 

4 

21 

59 

98 

130 

161 

180 

198 

244 

290 

392 

529 

629 

750  + 

750  + 

7 

1 

35 

40 

47 

50 

52 

52 

59 

66 

68 

67 

54 

41 

33 

32 

2 

86 

172 

212 

253 

289 

378 

490 

616 

750  + 

750  + 

750  + 

750  + 

750  + 

750  + 

3 

42 

1 16 

222 

224 

278 

274 

274 

322 

344 

3S2 

492 

636 

690 

750  + 

Galveston  District 

1 

1 

2 

* 

20 

11 

9 

7 

7 

7 

/ 

24 

26 

27 

24 

33 

25 

25 

3 

53 

69 

96 

101 

109 

100 

92 

65 

*>  “) 

14 

20 

44 

51 

56 

7 

1 

2(> 

59 

98 

158 

103 

88 

8 1 

64 

08 

112 

133 

127 

133 

120 

(Cont  imied) 


Table  A1  (Concluded) 


Area 

Site 

Average  Cone 

Index 

at 

Depths 

Indicated , 

, in. 

No . 

No. 

0 

1 

2 

3 

4 

5 

6 

9 

12 

15 

18 

24 

30 

36 

Galveston  District 

(Continued) 

3 

1 

40 

44 

34 

30 

26 

28 

38 

25 

18 

16 

21 

52 

57 

43 

2 

S3 

47 

37 

28 

24 

20 

18 

15 

14 

35 

48 

27 

35 

56 

3 

57 

73 

51 

32 

22 

16 

13 

11 

11 

24 

36 

23 

26 

30 

4 

1 

3 

4 

6 

6 

6 

8 

10 

10 

12 

22 

42 

34 

27 

24 

5 

1 

2 

2 

2 

2 

2 

2 

2 

3 

5 

5 

18 

43 

52 

57 

6 

1 

23 

14 

10 

7 

6 

6 

9 

24 

18 

16 

21 

25 

24 

24 

2 

24 

21 

17 

13 

11 

10 

9 

33 

30 

29 

30 

57 

33 

35 

7 

i 

* 

2 

9 

11 

11 

6 

7 

8 

S 

9 

10 

10 

8 

8 

9 

10 

8 

1 

★ 

9 

1 

10 

6 

5 

4 

4 

4 

4 

24 

31 

32 

52 

30 

28 

★ * 

10 

1 

24 

14 

11 

10 

12 

22 

32 

27 

22 

22 

26 

28 

34 

37 

11 

1 

1 1 

7 

8 

7 

7 

6 

6 

13 

24 

14 

. 10 

16 

22 

26 

2 

44 

25 

19 

21 

29 

61 

92 

no 

22 

22 

98 

34 

21 

52 

12 

i 

15 

12 

11 

8 

7 

6 

6 

6 

6 

7 

8 

11 

17 

19 

2 

18 

14 

12 

9 

8 

7 

7 

7 

7 

8 

9 

12 

14 

16 

3 

9 

7 

7 

6 

5 

5 

4 

4 

4 

5 

5 

9 

12 

15 

13 

i 

40 

29 

27 

25 

22 

19 

16 

15 

50 

44 

38 

39 

47 

43 

14 

i 

* 

Mob i 1 e District 

1 

i 

31 

50 

34 

26 

20 

IS 

16 

12 

ii 

1 1 

12 

13 

16 

17 

2 

19 

14 

11 

12 

12 

10 

9 

8 

6 

6 

6 

7 

8 

10 

3 

2 

5 

5 

6 

6 

5 

5 

3 

5 

5 

4 

5 

4 

5 

4 

17 

17 

12 

10 

8 

7 

6 

s 

5 

6 

6 

7 

8 

10 

-y 

1 

50 

27 

13 

7 

6 

5 

5 

5 

5 

5 

6 

8 

10 

14 

34 

46 

28 

19 

15 

12 

ii 

10 

9 

10 

14 

45 

80 

100  + 

Table  A2 


C'SCS 
Sue  Classi 
No  fixation 


220  44i 

::i  so? 


u r v_  of  Sot  l Data 


Average  Cone  Index* 
t>  i?  i-i  s i \ : i :i  io  ‘ 


Rem  1 ding 
0-6  6^1 : 


Riling 
Cone 
Index* 
0-6  6-12 


Moisture  Content. 


Dry  Density,  lb  ft 
(■  i: 


n-»  ml t District 


47.5  98  4 
69.2  106.7 
6S  9 70.0 


50  0.64  0 64 


95.3  88.6 


0 60 

0 60 

0.60 


51.0 

41.9 

52.5 


0.6J 
0 62 
0 74 
0 Si 


0 50 
0 4> 
O.'O 


5 


110.8  105.1 


0 69 
0 SO 
0.96 


0.62  IS 
0.72  12 

0 *2  41 

095  0.94  S5 

2 84  1 . 25  168 


53. 8 

55.9 
40.6 
31.  S 
14  8 


49.4 
S4  7 
39  1 

42  8 

28.4 


0.5’ 

0.42 

0.32 


0 55  13  29 


49.1  SS.S 
47  6 41.0 
49  9 58.  S 


Cnic ago  Pi s tnct 


0 59 
0 38 


0 56 
0 24 


34.1 
S3  8 
85  8 


30.6 

49.8 

59.2 


117  0.69  0.48  31  42 


3S  0.26  0 27  12  15 


49.7 
18.0 
12.  3 


50.7 

42.7 
22.2 
52.6 


0.96 

0.44 

0.83 

0.50 

0.49 


0.89 
0.53 
0.60 
0 52 
0.58 
0 63 


45.5 
63.0 
69  9 


Se-  Or'.-..-.-  I'l.lr.ot 


26. S 2 7.4 
18.4  23  6 


'1  »138  » 14b 


0.44  0.70  21 


83.5  59. 8 29  5 


180.8  80. I 92.8 

61  5 38.0  47.5 

7.0  26.6  2'. 3 


*145  >231  25.5  SO  8 176  8 14'. i 

S*  .r:  J .-  1 i tt 


130.0  152  1 1' 


S'  7 121  5 1*7' 


62  6 43.7 

54.5  39.2 

56.6  52.1 


95  5 114  9 


1 49.0  133  4 US  1 


51  1 ID'  6 
510  4 9 
16'  l 151  P 


Hi . 1 1 !••! -*w  . I i - t r ! . t 


46.2 


70.0 
66.3 
81  9 
55.6 


67.i 


71.0 

66.9 

72.7 

69.6 

69.3 


61  8 560 

62.5  83.7 

46.6  46  8 

39.2  43.7 


65  9 69  4 

59 . 8 64  8 
636  716 


62.2  70.6  64 . • 

86.2  83.8 


73.7  63.0 

69.5  74.2 


78.9 
74.0 
60  5 
87.6 


70.0 

53.0 

52.1 
89.8 


48.3  61.0  S3  9 


95.5  83  8 
73.2  64.5 


64 . 2 
80  9 
68.5 
69.8 


3*. 9 20.9  93.1 


9.3 .2  9'  . 
’83  86  < 


70.6  66.2  ! 


91  l 
86  9 


9c  9 
8*. 5 

6'  e S 


62  t 


5S. 1 46  9 60. 2 

93  1 980 


94  0 

’O.o  e 


8 5.2  310  SO  8 
S’  S SS  2 ’8.2 
31.5  96.5  86  1 


26  8 31  4 


Table  A. 


lunc ludeJ i 


Rjl ing 

05CS  Remolding  Con* 


*rfj 

Sit* 

Clmi 

Averse*  Con* 

tn.tari* 

Injrr* 

Moisture 

Content 

3 Dr/ 

height 

3. 

So 

So 

li.jtion 

0-6 

6 rr 

12  18 

14-21  24  50  3(1  So 

0 6 

6-12 

0 6 6 

IT 

0-6 

6 IT 

17  18 

18  24 

24-50  50-36 

0 6 

6-irTrir 

tr;r 

Mu 

30-  36 

Fhil»4«lphli 

District 

Com  inueil) 

3 

1 

2 

2J 

60 

78 

74 

74 

0 62 

0.60 

1 

14 

105.8 

82.5 

76.6 

83.0 

43.  ) 

51.6 

2 

39 

59 

65 

66 

60 

64 

0.54 

0.60 

21 

S3 

101  0 

103.0 

9 ’ . 0 

9'. 9 

9'. 4 

98.8 

41.0 

43  2 

40.3 

43  0 

43  5 

40.2 

4 

1 

Ml 

40 

199 

385 

40S 

405 

3-3 

0 39 

0 41 

16 

a: 

39.0 

SO  5 

2 3 9 

55.1 

66.8 

s 

1 

►*( 

52 

50 

68 

69 

ss 

42 

0 76 

0 70 

40 

S3 

74.7 

81.5 

66.5 

74.5 

83  4 

95.5 

43  0 

42.8 

45.8 

50.7 

47  6 

'ft 

194 

84 

81 

US 

168 

184 

0.68 

0 73 

is: 

61 

S9.9 

»9  9 

89.1 

64  6 

55.9 

61  9 

50.0 

43.0 

•* 

56.7 

61  .6 

58. 0 

6 

l 

9 

35 

44 

26 

27 

27 

0 44 

o.4: 

4 

15 

48  9 

52  1 

94  6 

77  6 

79.4 

83  2 

69.6 

66.5 

2 

SM 

so: 

645 

750* 

730* 

750* 

750* 

»l 

*1 

»30' 

643 

18.4 

38  6 

105  7 

5 

MH 

6 

1SS 

567 

730* 

7 SO* 

7S0* 

0.4n 

0.60 

J 

80 

94.6 

14  2 

46.2 

91  3 

4 

SM 

121 

244 

404 

579 

690 

750* 

*1 

>1 

>121 

244 

6 9 

7.5 

6.9 

6 7 

3 4 

4.5 

9 9.2 

93  3 

90.4 

96.4 

94.1 

96.6 

l 

“*♦ 

44 

64 

64 

48 

37 

32 

0.52 

0.50 

*5 

32 

90.4 

60  2 

74.8 

65.0 

86  1 

99  2 

40.5 

58.2 

SIS 

44  4 

2 

SM 

269 

61  ' 

750* 

7S0* 

750* 

750* 

>1 

»1 

• 26  .» 

619 

119 

20.3 

96.8 

3 

MH 

204 

31  S 

406 

564 

663 

720 

0 6’ 

1.50 

15’ 

4'3 

35  7 

16.9 

13.1 

10.6 

14.4 

62  4 

83.2 

94  4 

102.7 

94.0 

C-al.eston 

District 

1 

l 

CH 

10 

19 

26 

28 

29 

25 

0.60 

0 . 58 

6 

1' 

93. 7 

38. 8 

51.3 

59.1 

69  1 

99.8 

49.9 

63.0 

69.0 

3 

CH 

99 

60 

19 

32 

43 

54 

0. 94 

O 52 

84 

SI 

8 4 

29.3 

73.9 

58.3 

S3. 6 

57.6 

98.9 

87.0 

64.6 

64  0 

66  6 

l 

CH 

Hi 

72 

104 

ISO 

130 

126 

1.34 

0 . ' 4 

113 

S3 

24  6 

54  6 

84.5 

S4.S 

61  5 

65.3 

77.6 

66  8 

49.9 

64.0 

62  2 

5 

l 

CH 

35 

2’ 

18 

36 

54 

50 

0 69 

0 92 

24 

25 

76.6 

71.2 

102.0 

69.8 

77.7 

85.1 

SO.  3 

55.3 

44  0 

5’  4 

S3  4 

2 

LH 

32 

16 

32 

58 

31 

46 

0.74 

0 89 

.’4 

14 

SS  9 

93  4 

$2  - 7 

81  9 

91  9 

47.5 

65  6 

4 3.3 

6’. 7 

51  .6 

CH 

38 

12 

24 

30 

24 

28 

0 -8 

0.92 

30 

11 

47  1 

156.6 

80.9 

101  5 

194.2 

102.9 

57.6 

53  l 

52.1 

44  8 

43.5 

43  6 

1 

1 

CL 

* 

11 

25 

38 

30 

26 

0 57 

0 50 

3 

o 

43.5 

108  7 

105.1 

94  4 

85.1 

76.1 

70.1 

41  3 

42.6 

4'.  3 

47.0 

55.2 

s 

1 

CL 

2 

3 

9 

30 

48 

54 

0 So 

0.5' 

1 

49.4 

100 . 4 

86.9 

66.’ 

38  4 

45  2 

n 

1 

CL 

11 

l? 

18 

23 

24 

24 

0 62 

C ’6 

IS 

S8.8 

36. 7 

50.0 

60  3 

53.2 

47.3 

34.8 

58.4 

'l  6 

61  l 

66.8 

24 

30 

54 

35 

34 

O.SS 

0.61 

9 

15 

97.7 

42.4 

42.0 

39.7 

3 a.2 

36  3 

35.5 

76  3 

75.  ' 

60. 3 

82.6 

83  8 

1 

CL 

9 

9 

9 

8 

8 

10 

0 58 

0 61 

5 

S 

43  9 

57.8 

38.2 

SS  .0 

38  9 

56.1 

7l>.4 

38.3 

79.9 

*S- 3 

62.5 

58  2 

9 

1 

CH 

S 

20 

32 

31 

29 

0.32 

0.83 

: 

r 

124.4 

71.2 

58  9 

6'.  5 

33.7 

55  5 

63.7 

58  6 

I 

1 

CH 

19 

23 

25 

31 

36 

0.64 

0.64 

12 

j- 

82.9 

59.5 

62.3 

84.1 

75.3 

74.7 

49.9 

63  5 

61  S 

4 > . i 

S4.1 

54  2 

11 

1 

CH 

7 

14 

16 

13 

19 

24 

0.72 

0 64 

S 

9 

80.' 

26  S 

66  6 

35.9 

39.7 

39.2 

SO  6 

92.0 

, 

72.0 

CH 

i: 

75 

4T 

66 

28 

36 

0 90 

1.26 

38 

93 
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